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ABSTRACT
PHYTOPLANKTON POPULATIONS IN RELATION TO 
TROPHIC LEVELS IN NEW HAMPSHIRE LAKES
by
GERHARD K. GRUENDLING
The r e l a t i o n s h i p s  b e tw ee n  c o m p o s i t i o n ,  p e r i o d i c i t y ,  
and abundance  o f  p h y t o p l a n k t o n  s p e c i e s  and t h e  t r o p h i c  s t a t u s  
o f  two New Ham psh ire  l a k e s  (Newfound and Winnisquam) were 
i n v e s t i g a t e d .  The l a k e s  had v a s c l y  d i f f e r e n t  c o n c e n t r a t i o n s  
o f  n i t r a t e  and  p h o s p h a t e  and  p r o v i d e d  an  e x c e l l e n t  o p p o r t u n i t y  
f o r  a  c o m p a r a t i v e  s t u d y  o f  t h e  b a s i c  e c o l o g y  and n u t r i e n t  
r e q u i r e m e n t s  o f  p h y t o p l a n k t o n .  They a l s o  p r o v i d e d  an  o p p o r ­
t u n i t y  t o  t e s t  t h e  u s e f u l n e s s  o f  a l g a l  i n d i c a t o r s  and  q u o t i e n t s  
f o r  d e t e r m i n i n g  t r o p h i c  s t a t u s .
R e g u la r  c o l l e c t i o n s  ( a p p r o x i m a t e l y  f o r t n i g h t l y )  w e re  
made a t  e a c h  l a k e  f rom  J u n e  2 5 ,  1966 t o  November 1 0 ,  1967. 
Samples o f  p h y t o p l a n k t o n  w ere  t a k e n  from s i x  d e p t h s  a t  t h r e e  
s t a t i o n s  w i t h  a  4 - l i t e r  Van Dorn w a t e r  s a m p le r .  Samples were  
a l s o  t a k e n  f o r  n u t r i e n t  a n a l y s e s  o f  o r t h o p h o s p h a t e ,  n i t r a t e  
n i t r o g e n ,  and s i l i c o n  d i o x i d e .  Q u a l i t a t i v e  d e t e r m i n a t i o n s  
w ere  f rom l i v i n g  m a t e r i a l .  The t o t a l  number o f  p h y t o p l a n k t o n  
c e l l s  were  e n u m e ra te d  from f i x e d  m a t e r i a l  u n d e r  a n  i n v e r t e d  
m ic r o s c o p e .
•  •  «v m
The d i f f e r e n c e s  i n  t h e  t o t a l  s t a n d i n g  c r o p  a t  th e  two 
l a k e s  were  c o r r e l a t e d  w i t h  t h e i r  d i f f e r e n c e s  i n  n u t r i e n t  
c o n c e n t r a t i o n s .  O r th o p h o s p h a t e  a p p e a r e d  t o  be t h e  p r im a r y  
l i m i t i n g  f a c t o r  o f  a l g a l  g ro w th  a t  t h e  o l i g o t r o p h i c  l a k e  
(Newfound) ,  w h i l e  l i g h t ,  t e m p e r a t u r e ,  and p o s s i b l e  e x t r a ­
c e l l u l a r  p r o d u c t s  were  t h e  p r i m a r y  l i m i t i n g  f a c t o r s  a t  t h e  
e u t r o p h i c  l a k e  (W inn isquam ) .  The v e r t i c a l  d i s t r i b u t i o n  o f  
t h e  s t a n d i n g  c ro p  was a f u n c t i o n  o f  l i g h t  p e n e t r a t i o n  and 
t h e  t y p e s  o f  a l g a l  p o p u l a t i o n s .  A d i s c u s s i o n  o f  t h e  f a c t o r s  
i n f l u e n c i n g  t h e  p e r i o d i c i t y ,  a b u n d a n c e ,  and d i s t r i b u t i o n  o f  
p h y t o p l a n k t o n  s p e c i e s  a t  t h e  two l a k e s  i s  p r e s e n t e d ,  and th e  
r e s u l t s  a r e  compared w i t h  t h e  f i n d i n g s  o f  o t h e r  w o r k e r s .
The s p e c i e s  c o m p o s i t i o n  a t  t h e  l a k e s  was d e p e n d e n t  
upon t h e i r  t r o p h i c  s t a t u s .  Dominant  s p e c i e s  w ere  c o n s i d e r e d  
t o  be t h e  b e s t  i n d i c a t o r s  o f  t r o p h i c  l e v e l s  and a l i s t  o f  
p o s s i b l e  i n d i c a t o r  o rg a n i s m s  i s  g i v e n .  A summary o f  p o s s i b l e  
r a r e  i n d i c a t o r s  i s  a l s o  i n c l u d e d .  I t  i s  s u g g e s t e d  t h a t  t h e  
s p e c i e s  c o m p o s i t i o n ,  a b u n d a n c e ,  and  p e r i o d i c i t y  o f  p h y t o p l a n k  
t o n  s h o u l d  be c o n s i d e r e d  when d e t e r m i n i n g  i n d i c a t o r  o rg an ism s
The p h y t o p l a n k t o n  q u o t i e n t s  p r o p o s e d  by v a r i o u s  
a u t h o r s  were  a p p l i e d  t o  t h e  l a k e s .  Most o f  t h e  i n d i c e s  
c o r r e c t l y  d e s i g n a t e d  t h e  e u t r o p h i c  l a k e ,  b u t  n o t  t h e  o l i g o ­
t r o p h i c  l a k e .  An e v a l u a t i o n  o f  s e v e r a l  p h y t o p l a n k t o n  
q u o t i e n t s  i s  g i v e n  and a few s u g g e s t i o n s  a r e  p r e s e n t e d  f o r
im p ro v in g  p h y t o p l a n k t o n  q u o t i e n t s .
i x
INTRODUCTION
The p r e s e n t  i n v e s t i g a t i o n  was i n i t i a t e d  i n  o r d e r  t o  
e v a l u a t e  t h e  r e l a t i o n s h i p s  b e tw e e n  c o m p o s i t i o n ,  p e r i o d i c i t y ,  
and  abundance  o f  p h y t o p l a n k t o n  s p e c i e s  and t h e  t r o p h i c  s t a t u s  
o f  two New H am pshire  l a k e s  (Newfound Lake and W innisquam L a k e ) .  
The l a k e s  a r e  s i m i l a r  i n  o r i g i n ,  g e o l o g y ,  s i z e ,  d e p t h ,  
a l t i t u d e ,  and c e r t a i n  o f  t h e i r  c h e m ic a l  and p h y s i c a l  c h a r a c ­
t e r i s t i c s .  However, t h e y  have v a s t l y  d i f f e r e n t  c o n c e n t r a t i o n s  
o f  n i t r a t e  and p h o s p h a t e ,  f o r  Newfound Lake i s  o l i g o t r o p h i c  
w h i l e  W innisquam  Lake i s  i n  t h e  e a r l y  s t a g e s  o f  e u t r o p h i c a t i o n .  
W innisquam  Lake was c o n s i d e r e d  t o  be o l i g o t r o p h i c  i n  1936 
( N e w e l l ,  19 6 3 ) ,  b u t  s i n c e  t h e n  t h e  p r o c e s s  o f  e u t r o p h i c a t i o n  
h as  b e en  a c c e l e r a t e d  by  t h e  l i b e r a t i o n  o f  t r e a t e d  sewage 
e f f l u e n t  i n t o  t h e  l a k e .  The two l a k e s  p r o v i d e d  an  e x c e l l e n t  
o p p o r t u n i t y  f o r  a  c o m p a r a t i v e  s t u d y  o f  t h e  b a s i c  e c o l o g y  and 
n u t r i e n t  r e q u i r e m e n t s  o f  p h y t o p l a n k t o n  p o p u l a t i o n s .
I t  was a l s o  f e l t  t h a t  t h e  two l a k e s  p r o v i d e d  an 
o p p o r t u n i t y  t o  t e s t  t h e  u sa g e  o f  a l g a l  i n d i c a t o r s  and q u o t i e n t s  
f o r  d e t e r m i n i n g  t r o p h i c  s t a t u s  - e s p e c i a l l y  o f  s o f t - w a t e r  l a k e s .  
Few N o r t h  Am erican  w o r k e r s  have  a t t e m p t e d  t o  u s e  a l g a l  
i n d i c a t o r s  and q u o t i e n t s  t o  e v a l u a t e  t h e  t r o p h i c  l e v e l s  o f  
l a k e s  ( P a lm e r ,  1957;  Rawson, 1 9 5 6 ) ,  a l t h o u g h  a number  o f  
s t u d i e s  have b e e n  done on t h e  e f f e c t s  o f  p o l l u t a n t s  on a l g a e
1
2i n  f l o w in g  w a t e r s  (L ac k ey ,  1938,  1941;  P a t r i c k ,  1949,  1961,  
1 9 6 4 ) .  A d e t a i l e d  s t u d y  o f  n u t r i e n t  and  p h y t o p l a n k t o n  r e l a ­
t i o n s h i p s  has  n e v e r  b e e n  u n d e r t a k e n  i n  New H am psh ire  l a k e s .
3METHODS
R e g u l a r  c o l l e c t i o n s  ( a p p r o x i m a t e l y  f o r t n i g h t l y )  w e re  
made a t  e a c h  l a k e  from J u n e  25 ,  1966 t o  November 1 0 ,  1967, 
e x c e p t  d u r i n g  December and  J a n u a r y  when i c e  c o n d i t i o n s  p r e ­
v e n t e d  a c c e s s .  T hree  s t a t i o n s  w ere  e s t a b l i s h e d  a t  e a c h  l a k e  
( F i g .  1 & 2 ) ,  and s i x  sa m p le s  ( 1 ,  3 ,  5 ,  10 ,  15, and  20 m e t e r s )  
w e re  t a k e n  a t  e a c h  s t a t i o n  w i t h  a  4 - l i t e r  Van Dorn w a t e r  
s a m p le r .  T w e n t y - f i v e  ml su b sam p les  were  c o l l e c t e d  from e a c h  
d e p t h s  f o r  p h y t o p l a n k t o n  e n u m e r a t i o n .  T h ese  were  p r e s e r v e d  
w i t h  t h r e e  d r o p s  o f  a c i d  L u g o l ' s  s o l u t i o n .  One l i t e r  s u b ­
sam p les  were  a l s o  t a k e n  f rom  1,  5 ,  and 10 m e te r  d e p t h s  f o r  
n u t r i e n t  a n a l y s i s .  The n u t r i e n t  s am p les  w ere  p l a c e d  i n  
p o l y p r o p y l e n e  b o t t l e s ,  r e f r i g e r a t e d  and l a t e r  t a k e n  i n  t h e  
l a b o r a t o r y  f o r  a n a l y s i s .  V e r t i c a l  h a u l s  (20 m e t e r s  i n  d e p t h )  
w ere  c o l l e c t e d  a t  e a c h  s t a t i o n  w i t h  a #  25 p l a n k t o n  n e t ,  i n  
o r d e r  t o  c o n c e n t r a t e  l i v i n g  p h y t o p l a n k t o n  f o r  i d e n t i f i c a t i o n .  
The c o l l e c t i o n s  were r e f r i g e r a t e d  and  t h e n  t a k e n  t o  th e  
l a b o r a t o r y  f o r  a n a l y s i s .  L i g h t  p e n e t r a t i o n  was d e t e r m i n e d  
w i t h  a W h i tn ey  Model LMD-8A U n d e rw a te r  L i g h t  M e te r .  Tempera­
t u r e s  w ere  r e c o r d e d  w i t h  a  s t a n d a r d  m erc u ry  th e rm o m e te r  and  a 
W h i tn ey  Model TC-5 U n d e rw a te r  Therm om eter .
L i v i n g  sam ples  w ere  u s e d  w h enever  p o s s i b l e  f o r  t h e  
i d e n t i f i c a t i o n  o f  o r g a n i s m s .  N a n n o p la n k to n  were  c o n c e n t r a t e d
4w i t h  a  .45  m ic ro n  m i l l i p o r e  f i l t e r  ( l i v i n g  s a m p le s )  and by 
s e d i m e n t a t i o n  ( f i x e d  s a m p l e s ) .  The g e n e r i c  d e s i g n a t i o n s  
l i s t e d  by  Sm ith  (1950)  w ere  u s e d  w heneve r  p o s s i b l e .  A v a r i e t y  
o f  s o u r c e s  were  c o n s u l t e d  f o r  s p e c i f i c  i d e n t i f i c a t i o n s :  
A h l s t r o m  (1 9 3 7 ) ;  Eddy ( 1 9 3 0 ) ;  H u b e r - P e s t a l o z z i  ( 1 9 3 8 - 1 9 6 1 ) ;  
P a t r i c k  and  R e im er  ( 1 9 6 6 ) ;  P r e s c o t t  ( 1 9 6 2 ) ;  Sm ith  (1 9 2 0 ,  1 9 2 4 ) ;  
T e i l i n g  ( 1 9 6 7 ) ;  W est  and  West  ( 1 9 0 4 - 1 9 1 2 ) ;  and  W es t ,  W es t ,  and 
C a r t e r  (1 9 2 3 ) .  V oucher  sp e c im en s  have b e e n  d e p o s i t e d  i n  th e  
U n i v e r s i t y  o f  New Ham psh ire  H e rb a r iu m .
The p h y t o p l a n k t o n  were  e n u m e ra te d  a c c o r d i n g  t o  t h e  
i n v e r t e d  m ic r o s c o p e  t e c h n i q u e  o u t l i n e d  by Lund, K i p l i n g ,  and  
Le Cren ( 1 9 5 8 ) ,  u s i n g  a U n i t r o n  Model B i -4 7 7 7  i n v e r t e d  m i c r o ­
s c o p e .  A one ml u n c o n c e n t r a t e d  sam ple  was added  t o  a  s e d im e n ­
t a t i o n  t u b e ,  i t  was a l l o w e d  t o  s e t t l e  f o r  18 h o u r s ,  and t h e n  
t h e  p h y t o p l a n k t o n  were  c o u n te d  u n d e r  430X m a g n i f i c a t i o n .  The 
t o t a l  number o f  c e l l s  o f  e a c h  s p e c i e s  p e r  ml was c o u n t e d .
N u t r i e n t  a n a l y s e s  were  p e r f o r m e d ,  w henever  p o s s i b l e ,  
im m e d ia t e l y  upon  r e t u r n  t o  t h e  l a b o r a t o r y .  O t h e r w i s e  t h e  
sam p les  were  im m e d ia t e l y  f r o z e n  and s t o r e d  a t  -1 0  C u n t i l  
t h e y  w ere  a n a l y z e d .  The p r o c e d u r e s  o u t l i n e d  by t h e  A m erican  
P u b l i c  H e a l t h  A s s o c i a t i o n  (1965)  w ere  u s e d ,  i . e . ,  t h e  s t a n n o u s  
c h l o r i d e  method f o r  o r t h o p h o s p h a t e ,  t h e  p h e n o l d i s u l f o n i c  
a c i d  method f o r  n i t r a t e  n i t r o g e n ,  and t h e  c o l o r i m e t r i c  
h e t e r o p o l y  b l u e  method f o r  s i l i c a .  A l l  c o l o r i m e t r i c  a n a l y s e s
5w e re  d e t e r m i n e d  w i t h  a Beckmen DU—2 s p e c t r o p h o t o m e t e r .
6ECOLOGY OF PHYTOPLANKTON AT NEWFOUND LAKE
D e s c r i p t i o n  o f  A re a  and E n v i r o n m e n t a l  F a c t o r s
Newfound Lake i s  l o c a t e d  a t  a p p r o x im a te  4 3 °  4 0 '  N
l a t i t u d e  and 71° 4 6 '  W l o n g i t u d e .  I t  has  a n  a r e a  o f  1 ,6 6 1  
h e c t a r e s  and  a  maximum d e p t h  o f  55 m e t e r s  ( N e w e l l ,  1 9 6 0 ) .
The l a k e  i s  a  p r e g l a c i a l  l a n d  form  w h ic h  was s l i g h t l y  m o d i f i e d  
( m a i n ly  d e ep e n ed )  by  P l e i s t o c e n e  g l a c i a t i o n .  Most o f  t h e  l a k e  
i s  u n d e r l a i n  by  D ev on ian  b e d r o c k  o f  f i n e  t o  c o a r s e  g r a i n e d  
b i o t i t e - m u s c o v i t e  g r a n i t e  and  q u a r t z  m o n z o n i t e .  I n  a few 
a r e a s ,  a t  t h e  e x t r e m e  n o r t h  and s o u t h  e n d s ,  t h e  b e d r o c k  i s
composed o f  m ic ac eo u s  q u a r t z i t e  and c o a r s e  g r a i n e d  mica  s c h i s t
( B i l l i n g s ,  195 6 ) .
P h i l i p  J .  Sawyer ( p e r s o n a l  co m m u n ica t io n )  s t u d i e d  t h e  
l i m n o l o g i c a l  c h a r a c t e r i s t i c s  o f  Newfound Lake f rom  1965-1967 .  
H is  d a t a  have shown t h a t  i t  i s  an  e x t r e m e l y  s o f t - w a t e r  l a k e .
The pH r a n g e d  f rom 6 . 7 - 7 . 2 ;  m e th y l  o ra n g e  a l k a l i n i t y  v a l u e s  
r a n g e d  f rom 5 . 0 - 9 . 0  ppm; no  p h e n o l p h t h a l e i n  a l k a l i n i t y  was 
d e t e c t e d ;  and t h e  t o t a l  d i s s o l v e d  s o l i d s  r a n g e d  f rom  36-45  ppm. 
The l a k e  n e v e r  had an  oxygen d e f i c i e n c y  i n  t h e  h y p o l im n io n  and 
u s u a l l y  had o v e r  90 p e r  c e n t  oxygen s a t u r a t i o n  t h r o u g h o u t  t h e  
w a t e r  co lumn.
F i g u r e  3 shows t h e  s e a s o n a l  v a r i a t i o n  o f  w a t e r  t e m p e r a ­
t u r e s  a t  Newfound Lake .  F i v e  d e p t h s  a r e  r e c o r d e d ,  and e a c h
7p o i n t  r e p r e s e n t s  t h e  mean t e m p e r a t u r e  fou nd  a t  a l l  s t a t i o n s  
f o r  t h a t  d e p t h .  The t e m p e r a t u r e s  a t  t h e  t h r e e  s t a t i o n s  d i d  n o t  
v a r y  more t h a n  + 0 . 3  C on any  o c c a s i o n .  The maximum s u r f a c e  
w a t e r  t e m p e r a t u r e s  ( 2 3 . 0  t o  2 5 .0  C) were  r e c o r d e d  d u r i n g  J u l y  
and  A u g u s t .  The t e m p e r a t u r e s  a t  t h e  lo w e r  d e p th s  r e a c h e d  t h e i r  
maxima somewhat l a t e r .  I n  A u g u s t ,  1966,  th e  s u r f a c e  t e m p e r a t u r e s  
d e c r e a s e d  r a p i d l y  a n d  by  S ep tem ber  19 ,  t h e  u p p e r  10 m e t e r s  o f  
t h e  l a k e  were  i s o t h e r m a l .  The f a l l  o v e r t u r n  was c o m p le t e d  by 
O c t o b e r  17 and a t  t h i s  t im e  t h e  w a t e r  column was i s o t h e r m a l  a t
1 1 .8  C. D u r in g  F e b r u a r y  and March,  1967,  t h e  t e m p e r a t u r e s  
u n d e r  t h e  i c e  r a n g e d  f rom  0 . 5  - 2 . 0  C; a  s l i g h t  i n v e r s e  s t r a t i ­
f i c a t i o n  was e v i d e n t .  The l a k e  was f r e e  o f  i c e  i n  e a r l y  A p r i l  
and  t h e  s p r i n g  o v e r t u r n  t h e n  o c c u r r e d .  T h e r e a f t e r ,  t h e  t e m p e r a ­
t u r e  o f  t h e  w a t e r  column i n c r e a s e d  r a p i d l y  and t h e r m a l  s t r a t i f i ­
c a t i o n  was e v i d e n t  i n  e a r l y  J u n e .  A f t e r  J u n e  t h e  s u r f a c e  
t e m p e r a t u r e s  i n c r e a s e d  r a p i d l y  u n t i l  a  maximum o f  2 5 . 0  C was 
r e c o r d e d  on A u g u s t  1. D u r in g  t h e  summer p e r i o d  t h e  t e m p e r a t u r e s  
a t  10 m e t e r s  r a n g e d  from 8 . 5 - 1 1 . 5  C; t h o s e  a t  15 m e t e r s  r a n g e d  
from 8 . 5 - 1 0 . 0  C. D u r in g  t h e  l a t e r  summer and f a l l  t h e  
t e m p e r a t u r e  a g a i n  d e c r e a s e d  r a p i d l y ,  and  i s o t h e r m a l  c o n d i t i o n s  
were  r e c o r d e d  i n  e a r l y  November.
F i g u r e  4 shows t h e  s e a s o n a l  v a r i a t i o n  o f  l i g h t  p e n e t r a ­
t i o n  (1 % o f  t h e  s u r f a c e  l i g h t ) . Each p o i n t  d e p i c t s  t h e  mean 
v a l u e  r e c o r d e d  f o r  a l l  s t a t i o n s .  I n  g e n e r a l ,  t h e r e  was a
8c o r r e l a t i o n  b e tw ee n  t h e  t o t a l  s t a n d i n g  c r o p  and  t h e  d e p t h  o f  
l i g h t  p e n e t r a t i o n  (com pare  F i g u r e s  4  & 5 ) .  T h u s ,  a s  t h e  t o t a l  
s t a n d i n g  c r o p  i n c r e a s e d ,  t h e  l i g h t  p e n e t r a t i o n  d e c r e a s e d ,  and 
v i c e  v e r s a .  The l i g h t  p e n e t r a t i o n  was low d u r i n g  t h e  s p r i n g  
o f  1966,  and  a minimum t r a n s p a r e n c y  was r e c o r d e d  on A u gu s t  24 
(12 m e t e r s ) .  The minimum c o r r e s p o n d e d  w i t h  t h e  maximum s t a n d ­
i n g  c r o p  o f  t h e  y e a r .  The t r a n s p a r e n c y  o f  t h e  w a t e r  t h e n  
i n c r e a s e d  s t e a d i l y  u n t i l  f a l l ,  a t  w h ich  t im e  d e c r e a s e d  l i g h t  
p e n e t r a t i o n  was a g a i n  r e c o r d e d .  D u r in g  F e b r u a r y ,  M arch ,  and  
e a r l y  A p r i l  o f  1967 ,  th e  i c e  and snow c o v e r  on t h e  l a k e  v a r i e d
c o n s i d e r a b l y .  A maximum c o v e r  o f  50 cm o f  i c e  and 4 5 . 7  cm o f
snow o c c u r r e d  on March 3 .  The maximum c o v e r  c o r r e s p o n d e d  w i t h  
t h e  l o w e s t  l i g h t  p e n e t r a t i o n  ( 2 . 5  m e t e r s ) .  D u r in g  t h e  e n s u i n g
two w e e k s ,  t h e r e  was c o n s i d e r a b l e  m e l t i n g ,  and t h e  l i g h t
p e n e t r a t i o n  i n c r e a s e d  r a p i d l y .  The l i g h t  p e n e t r a t i o n  f l u c t u a t ­
ed t h r o u g h o u t  t h e  summer and  f a l l ,  i n  a s s o c i a t i o n  w i t h  m in o r  
peaks  o f  p h y t o p l a n k t o n .
The s e a s o n a l  l e v e l s  o f  n u t r i e n t s  ( o r t h o p h o s p h a t e ,  
n i t r a t e  n i t r o g e n ,  and s i l i c o n  d i o x i d e )  a t  Newfound Lake a r e  
shown g r a p h i c a l l y  i n  F i g u r e s  6 ,  7 ,  8 ,  r e s p e c t i v e l y .  Each 
p o i n t  r e p r e s e n t s  t h e  mean v a l u e  o f  th e  t h r e e  s t a t i o n s .
The y e a r l y  mean o r t h o p h o s p h a t e  v a l u e s  r e c o r d e d  were  
.011 mg/1 a t  1 m e t e r ,  .011  mg/1 a t  5 m e t e r s ,  and  .0 1 0  mg/1 a t  
10 m e t e r s .  D u r in g  1966,  t h e  maximum o r t h o p h o s p h a t e  c o n c e n -
9t r a t i o n  ( . 0 2 0  mg/1) o c c u r r e d  on O c to b e r  3 ;  s m a l l e r  p e a k s  w ere  
r e c o r d e d  i n  J u n e  and S e p te m b e r .  A minimum c o n c e n t r a t i o n  
( . 0 0 2  mg/1) was found  on November 23;  o t h e r  low v a l u e s  w ere  
r e c o r d e d  i n  A u gu s t  and l a t e  S e p te m b e r .  D u r in g  1967 th e  
o r t h o p h o s p h a t e  c o n c e n t r a t i o n s  r a n g e d  f rom  .032 mg/1 ( F e b r u a r y  
20) t o  .002 mg/1 (May 5 ) .  Two l e s s e r  p e a k s  o c c u r r e d  d u r i n g  
J u n e  and November.  Low v a l u e s  o c c u r r e d  d u r i n g  l a t e  M arch ,  
A p r i l ,  J u l y ,  and  A u g u s t .  I n  g e n e r a l ,  t h e  s e a s o n a l  p a t t e r n s  
o f  o r t h o p h o s p h a t e  c o n c e n t r a t i o n s  were  s i m i l a r  a t  e a c h  d e p t h .
The y e a r l y  mean n i t r a t e  n i t r o g e n  c o n c e n t r a t i o n s  
r e c o r d e d  were  .057  mg/1 a t  1 m e t e r ,  .052  mg/1 a t  5 m e t e r s ,  
and .055 mg/1 a t  10 m e t e r s .  D u r in g  1966,  pe ak s  o c c u r r e d  on 
J u n e  25 ( . 0 6 4  mg/1) and on November 23 ( . 0 8 2  m g / 1 ) . A low 
o f  .019 mg/1 was r e c o r d e d  on O c t o b e r  3. D u r in g  1967,  t h e  
h i g h e s t  c o n c e n t r a t i o n  ( . 0 9 7  mg/1) was r e c o r d e d  on F e b r u a r y  
20 .  A f t e r  F e b r u a r y  t h e r e  was a  r a p i d  d e c l i n e  t o  a  low o f  
.046  mg/1 on May 5 .  The summer c o n c e n t r a t i o n s  f l u c t u a t e d  
c o n s i d e r a b l y  and t h e  l o w e s t  c o n c e n t r a t i o n  ( . 0 4 4  mg/1) was 
r e c o r d e d  on November 10.  The c o n c e n t r a t i o n s  a t  t h e  t h r e e  
d e p t h s  showed s i m i l a r  s e a s o n a l  p a t t e r n s .  E x c e p t i o n s  were  
r e c o r d e d  on November 2 3 ,  1966 and F e b r u a r y  20 ,  1967.
The y e a r l y  mean s i l i c o n  d i o x i d e  c o n c e n t r a t i o n s  were  
.849 mg/1 a t  1 m e t e r ,  .841  mg/1 a t  5 m e t e r s ,  and .770  mg/1 
a t  10 m e t e r s .  The c o n c e n t r a t i o n s  d u r i n g  1966 w ere  l o w e s t  i n
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t h e  s p r i n g  ( . 6 8 7  mg/1 on J u n e  25) and f a l l  ( . 2 1 0  mg/1 on 
November 2 3 ) .  The maximum c o n c e n t r a t i o n  ( 2 .1 2 0  mg/1) was 
r e c o r d e d  on A ugus t  24. The s i l i c o n  d i o x i d e  c o n c e n t r a t i o n s  
f l u c t u a t e d  e x t e n s i v e l y  d u r i n g  1967.  The w i n t e r  c o n c e n t r a t i o n s  
w ere  g e n e r a l l y  low,  and r a n g e d  b e tw ee n  .181 and .820  mg/1.
The c o n c e n t r a t i o n s  r o s e  s t e a d i l y  t h r o u g h o u t  t h e  s p r i n g  and 
summer and a  maximum o f  2 .0 9 5  mg/1 was r e c o r d e d  on A ug u s t  11. 
D u r in g  1966,  c o n c e n t r a t i o n s  o f  s i l i c o n  d i o x i d e  were  s i m i l a r  
a t  t h e  t h r e e  d e p t h s ,  b u t  t h e y  d i f f e r e d  c o n s i d e r a b l y  d u r i n g  
1967.  T h i s  was e s p e c i a l l y  t r u e  d u r i n g  J u l y  and A u g u s t ,  when 
t h e  c o n c e n t r a t i o n s  a t  1 m e t e r  w e re  much h i g h e r  t h a n  t h e  
c o n c e n t r a t i o n s  a t  5 and 10 m e t e r s .
S p e c i e s  C o m p o s i t io n  
A t o t a l  o f  105 s p e c i e s  o f  p h y t o p l a n k t o n  w ere  i d e n t i ­
f i e d  a t  Newfound Lake.  A c o m p le t e  l i s t  o f  t h e  s p e c i e s  and 
t h e i r  s e a s o n a l  p e r i o d i c i t y  i s  p r e s e n t e d  i n  T a b le  1. No 
p a r t i c u l a r  g roup  o f  a l g a e  d o m in a te d  t h e  p h y t o p l a n k t o n  f rom 
Newfound Lake .  The l a r g e s t  number o f  s p e c i e s  b e lo n g e d  t o  t h e  
C h lo ro p h y c e a e  ( a  t o t a l  o f  43)  and 26 o f  t h e s e  w ere  d e s m id s .
The o t h e r  m a jo r  components  o f  t h e  t o t a l  p h y t o p l a n k t o n  f l o r a  
w e re  a s  f o l l o w s :  C h ryso p h y c ea e  (19 s p e c i e s ) ,  B a c i l l a r i o p h y c e a e
(13 s p e c i e s )  , Cyanophyceae  (10 s p e c i e s ) , and D inophyceae  
(10 s p e c i e s ) .
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The p h y t o p l a n k t o n  f l o r a  o f  Newfound Lake was c h a r a c ­
t e r i z e d  by  h a v in g  a  l a r g e  number o f  s p e c i e s  t h a t  were  p r e s e n t  
d u r i n g  t h e  e n t i r e  y e a r .  T h i r t y - s i x  s p e c i e s  were  found  i n  
e v e r y  c o l l e c t i o n ;  t h e s e  w ere  p r i m a r i l y  members o f  t h e  Desmi-  
d i a c e a e ,  C h r y s o p h y c e a e ,  and  B a c i l l a r i o p h y c e a e .  The e p h e m e ra l  
s p e c i e s  w ere  c h i e f l y  s p e c i e s  o f  t h e  C h r o o c o c c a l e s , C h l o r o ­
p hy c ea e  ( e x c l u s i v e  o f  d e s m i d s ) ,  and D in o p h y c e a e .  I n  g e n e r a l ,  
t h e  summer and f a l l  p h y t o p l a n k t o n  f l o r a  o f  Newfound Lake was 
composed o f  a l a r g e  number o f  s p e c i e s  o f  C yan op h yceae ,  
C h r y s o p h y c e a e ,  and D e s m i d ia c e a e .  The C h ry so p h y c ea e  and 
B a c i l l a r i o p h y c e a e  c o n t r i b u t e d  t h e  l a r g e s t  number o f  s p e c i e s  
d u r i n g  t h e  w i n t e r  and s p r i n g .
S e a s o n a l  P e r i o d i c i t y  o f  S t a n d i n g  Crop 
F i g u r e  5 shows t h e  s e a s o n a l  p e r i o d i c i t y  o f  t h e  t o t a l  
s t a n d i n g  c r o p ,  w h i l e  F i g u r e  9 shows t h e  m a jo r  g ro u p s  c o n t r i ­
b u t i n g  t o  t h e  t o t a l  s t a n d i n g  c r o p .  Each p o i n t  i n  t h e s e  
f i g u r e s  r e p r e s e n t s  t h e  mean o f  f i v e  c o l l e c t i o n s  ( 1 ,  3 ,  5 ,  10, 
and 15 m e t e r s ) .  T hu s ,  a  g e n e r a l  i n d i c a t i o n  o f  t h e  a v e r a g e  
s t a n d i n g  c r o p  w i t h i n  t h e  p h o t i c  zone  i s  g i v e n .  The mean 
m o n th ly  c e l l  c o u n t s  f o r  t h e  m a jo r  s p e c i e s  a r e  d e p i c t e d  i n  
T a b l e  2.
The s t a n d i n g  c r o p  was h i g h e r  d u r i n g  t h e  summer o f  
1966 t h a n  i n  1967.  The t o t a l  number o f  p h y t o p l a n k t o n  was low 
d u r i n g  J u n e ,  1966 ( 3 . 2  x  10^ c e l l s / 1 ) ,  b u t  i n c r e a s e d  s t e a d i l y
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t o  a  p eak  o f  1 2 .7  x 10^ c e l l s / 1  on A u g u s t  24. I t  t h e n  
d e c r e a s e d  s l o w l y  t o  3 . 9  x 10^ c e l l s / 1  on O c to b e r  3 .  A f t e r  
t h e  f a l l  o v e r t u r n ,  t h e  p h y t o p l a n k t o n  numbers t h e n  i n c r e a s e d  
t o  a f a l l  maximum o f  5 . 7  x 10^ c e l l s / I  on November 23 .  The 
l o w e s t  s t a n d i n g  c r o p  ( 1 . 2 - 2 . 0  c e l l s / 1 )  o c c u r r e d  d u r i n g  t h e  
w i n t e r  o f  1967. No s i g n i f i c a n t  i n c r e a s e  was d e t e c t e d  u n t i l  
e a r l y  J u n e .  A t  t h i s  t i m e ,  t h e  c e l l  numbers be g an  t o  i n c r e a s e  
and a maximum o f  6 . 9  x  10^ c e l l s / I  was r e c o r d e d  on J u l y  6; 
t h i s  was t h e  h i g h e s t  v a l u e  o f  1967.  The t o t a l  p o p u l a t i o n  
t h e n  f l u c t u a t e d  s l i g h t l y  d u r i n g  t h e  summer, and r e a c h e d  a low 
o f  2 . 9  x 10^ c e l l s / I  on O c to b e r  16.  The p o p u l a t i o n  t h e n  
i n c r e a s e d  a g a i n  d u r i n g  November.
Members o f  t h e  C yanophyceae  and C h ry so p h y c ea e  were  t h e  
m a jo r  c o n t r i b u t o r s  t o  t h e  s t a n d i n g  c ro p  a t  Newfound Lake 
( F i g .  9 ) .  I n  J u n e ,  1966,  t h e  numbers  o f  Cyanophyceae  i n c r e a s e d  
s t e a d i l y  u n t i l  a  p eak  o f  8 .0  x  10~* c e l l s / I  was r e a c h e d  on 
S e p tem ber  19.  G om phosphaer ia  l a c u s t r i s  and A p h a n o th ec e  
c l a t h r a t a  were  t h e  m a jo r  c o n t r i b u t o r s  on t h i s  d a t e .  The c e l l  
numbers  t h e n  d e c r e a s e d  r a p i d l y  t h r o u g h o u t  t h e  f a l l ,  b u t  
i n c r e a s e d  a g a i n  i n  November,  r e a c h i n g  a p e ak  on November 23.
The s t a n d i n g  c r o p  o f  Cyanophyceae  was a t  a low l e v e l  ( . 3 5 - . 5 3  
c e l l s / 1 )  d u r i n g  t h e  w i n t e r  o f  1967. The p o p u l a t i o n  s t a r t e d  
t o  i n c r e a s e  d u r i n g  J u n e  and r e a c h e d  a  p e a k  o f  4 . 0  x 10^ c e l l s /
1 on A u g u s t  1 .  G om phosphaer ia  l a c u s t r i s  was a g a i n  t h e  dom in an t
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s p e c i e s .  The p o p u l a t i o n  t h e n  d e c r e a s e d  t h r o u g h o u t  t h e  f a l l  
and a f i n a l  p u l s e  o c c u r r e d  on November 10.
The C hryso p hy cean  p o p u l a t i o n  a t  Newfound Lake c a n  be 
c h a r a c t e r i z e d  a s  h a v in g  two p u l s e s  a  y e a r .  One o c c u r r e d  i n  
t h e  summer, and  t h e  o t h e r  o c c u r r e d  i n  l a t e  f a l l .  B e g in n in g  
i n  J u n e ,  1966,  a r a p i d  i n c r e a s e  o f  C h r y s o s p h a e r e l l a  l o n g i s p i n a , 
D in ob ry o n  c y l i n d r i c u m , and  b a v a r i c u m  t o o k  p l a c e .  A 
maximum o f  3 .7  x 10^ c e l l s / I  o f  C h r y s o s p h a e r e l l a  l o n g i s p i n a  
o c c u r r e d  on A ugus t  8. The s e a s o n a l  maximum r e c o r d e d  f o r  t h e  
C h ry so p h y c ea e  ( 1 2 .0  x 10^ c e l l s / 1 )  o c c u r r e d  on A u g u s t  24,  
when a sudden  p u l s e  o f  U r o g l e n o p s i s  a m e r ic a n a  d e v e l o p e d .
A f t e r  A u g u s t  24 ,  t h e  s t a n d i n g  c r o p  o f  C h ry so p h y c ea e  d e c l i n e d  
r a p i d l y  t o  t h e  l o w e s t  p o i n t  r e c o r d e d  o f  .03 x 10^ c e l l s / 1  on 
S e p tem ber  19. T h e re  was t h e n  a g r a d u a l  i n c r e a s e  i n  n u m b ers ,  
e s p e c i a l l y  o f  D in ob ryo n  c y l i n d r i c u m  and b a v a r i c u m , u n t i l  a 
maximum o f  1 .7  x  10^ c e l l s / 1  was r e a c h e d  on November 23. The 
s t a n d i n g  c ro p  d u r i n g  t h e  w i n t e r  o f  1967 was d o m in a te d  by 
S y n u ra  u v e l l a . P o p u l a t i o n  l e v e l s  were  v e r y  low from F e b r u a r y  
t h r o u g h  e a r l y  J u n e  ( r a n g i n g  b e tw ee n  .05 and .35 x 10^ c e l l s / 1 ) ,
b u t  b e g i n n i n g  i n  e a r l y  J u n e ,  1967 t h e r e  was a r a p i d  i n c r e a s e .  
U r o g l e n o p s i s  a m e r i c a n a , D in o b ry o n  b a v a r i c u m , and D^ c y l i n d r i ­
cum a g a i n  c o n t r i b u t e d  t o  t h e  maximum ( 4 . 8  x 10^ c e l l s / 1 )  
w h ic h  o c c u r r e d  on J u l y  6 .  C h r y s o s p h a e r e l l a  l o n g i s p i n a  was n o t  
a s  a b u n d a n t  i n  1967 as  i n  1966. A f t e r  J u l y ,  t h e r e  was a
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r a p i d  d e c l i n e  i n  t h e  s t a n d i n g  c r o p  u n t i l  e a r l y  f a l l ;  how ever ,  
d u r i n g  t h i s  d e c l i n e  p e r i o d  t h e r e  was a  s u b s t a n t i a l  i n c r e a s e  
i n  D in o b ryo n  v a n o h o f f e n i i  and S y n u ra  u v e l l a . The f a l l  p u l s e  
o f  1967 was n o t  a s  g r e a t  a s  t h a t  d u r i n g  1966.  A maximum o f  
o n l y  .48  x 10^ c e l l s / 1  was r e c o r d e d  on O c t o b e r  16. The main 
c o n t r i b u t o r s  were  Syn u ra  u v e l l a , D in o b ry o n  c y l i n d r i c u m , and 
D . d i v e r g e n s . I n  g e n e r a l ,  t h e  p o p u l a t i o n s  o f  C hryso p hy ceae  
f o l lo w e d  t h e  same y e a r l y  t r e n d s  t h r o u g h o u t  t h e  s t u d y .
Members o f  t h e  B a c i l l a r i o p h y c e a e  w ere  t h e  t h i r d  
l a r g e s t  c o n t r i b u t o r s  t o  t h e  t o t a l  s t a n d i n g  c r o p .  I n  1966, 
t h e  s t a n d i n g  c r o p  i n c r e a s e d  t h r o u g h  Ju n e  and r e a c h e d  a p e a k  
o f  2 . 3  x 105 c e l l s / 1  on J u l y  25 .  The m a jo r  com ponents  were  
A s t e r i o n e l l a  fo rm osa  v a r .  fo rm osa  and  R h i z o s o l e n i a  e r i e n s i s . 
The p o p u l a t i o n  t h e n  d e c r e a s e d  s t e a d i l y  t h r o u g h  S e p tem b er .
Two p u l s e s  were  r e c o r d e d  d u r i n g  t h e  f a l l ;  tone o c c u r r e d  d u r i n g  
t h e  breakdown o f  t h e r m a l  s t r a t i f i c a t i o n  and t h e  o t h e r  f o l l o w e d  
t h e  c o m p le t e  o v e r t u r n .  The f i r s t  p u l s e  ( . 6 0  x 10^ c e l l s / 1 )  
o c c u r r e d  on O c to b e r  3 and  i t  was c h i e f l y  composed o f  M e l o s i r a  
i s l a n d i c a  and A s t e r i o n e l l a  fo rm osa  v a r .  fo rm o sa .  The s e co n d  
maxima ( . 7 5  x 10^ c e l l s / 1 )  o f  t h e  same s p e c i e s  o c c u r r e d  on 
November 23 .  The B a c i l l a r i o p h y c e a e  were  t h e  m a jo r  components  
o f  t h e  w i n t e r  p o p u l a t i o n .  The maximum s t a n d i n g  c r o p  ( 1 .1 0  x 
105 c e l l s / 1 )  o c c u r r e d  on A p r i l  21 ,  1967,  i m m e d ia t e l y  a f t e r  
t h e  s p r i n g  o v e r t u r n .  The p o p u l a t i o n  was d o m in a te d  by
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A s t e r i o n e l l a  fo rm osa  v a r .  f o r m o s a , A. fo rm o sa  v a r .  g r a c i l l i m a , 
and M e l o s i r a  i s l a n d i c a . The numbers  o f  d i a to m s  d e c r e a s e d  
s t e a d i l y  t h r o u g h  J u n e ,  b u t  t h e r e a f t e r  i n c r e a s e d .  A maximum 
p o p u l a t i o n  o f  .91  x 10^ c e l l s / 1  was r e c o r d e d  on J u l y  21 ,  and 
was p r i m a r i l y  composed o f  R h i z o s o l e n i a  e r i e n s i s .  I n s t e a d  o f  
d e c r e a s i n g  to  a summer low, a s  d u r i n g  1966,  t h e  s t a n d i n g  c r o p  
o f  d i a to m s  rem a in e d  r e l a t i v e l y  h i g h  d u r i n g  t h e  summer and f a l l .  
The h i g h  s t a n d i n g  c r o p  d u r i n g  t h e  summer was p r i m a r i l y  due t o  
l a r g e  numbers  o f  R h o z o s o l e n i a  e r i e n s i s  and A s t e r i o n e l l a  fo rm osa  
v a r .  f o r m o s a . The o n l y  s u b s t a n t i a l  i n c r e a s e  o f  d i a to m s  d u r i n g  
t h e  f a l l  o c c u r r e d  on O c to b e r  1 ,  when T a b e l l a r i a  f e n e s t r a t a  
r e a c h e d  .25 x 10“* c e l l s / 1 .
Members o f  t h e  C h lo r o p h y c e a e  d i d  n o t  c o n t r i b u t e  
s i g n i f i c a n t l y  t o  t h e  t o t a l  s t a n d i n g  c r o p .  T h e i r  s t a n d i n g  c r o p  
r e m a in e d  r e l a t i v e l y  low t h r o u g h o u t  t h e  y e a r  e x c e p t  f o r  s m a l l  
p u l s e s  d u r i n g  J u n e  and J u l y ,  1966 ( 1 . 0  x  10-* c e l l s / 1 )  and 
d u r i n g  J u n e  ( . 5 0  x 10-* c e l l s / l )  and S e p te m b e r ,  1967 ( . 7 0  x 
10-* c e l l s / 1 ) .  The m a jo r  c o n t r i b u t o r s  w ere  B o t r y o c o c c u s  
b r a u n i i ,  G l o e o c y s t i s  g i g a s , and C r u c i g e n i a  r e c t a n g u l a r i s .
Members o f  t h e  C ry p to p h y c e a e  c o n t r i b u t e d  l e s s  t h a n  t h e  
C h lo ro p h y c e a e  t o  t h e  s t a n d i n g  c r o p .  The p o p u l a t i o n s  were  low 
d u r i n g  t h e  summer and r e a c h e d  maximum l e v e l s  i n  t h e  f a l l  - 
1 . 1  x 10"* c e l l s / 1  on O c to b e r  3 ,  1966 and  1 . 0  x 10"* c e l l s / 1  
on November 10 ,  1967.  Rhodomonas l a c u s t r i s  was t h e  m a jo r
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component  o f  t h e  f a l l  b lo o m s .  Cryptomonas o v a t a  and C . 
m a r s o n n i i  t e n d e d  t o  r e a c h  s m a l l e r  p e a k s  d u r i n g  l a t e  summer.
The D in o p h y c e a e ,  a l t h o u g h  c o n s p i c u o u s  a t  t im e s  due 
t o  t h e i r  l a r g e  s i z e ,  c o n t r i b u t e d  v e r y  l i t t l e  t o  t h e  t o t a l  
s t a n d i n g  c r o p .  P e r i d i n i u m  l im ba tum  was t h e  m a jo r  c o n t r i b u t o r  
and  i t  was most  a b u n d a n t  i n  t h e  e a r l y  s p r i n g  and l a t e  f a l l ,  
w i t h  maximum c o n c e n t r a t i o n s  o f  .03  x  10^ c e l l s / 1 .  D u r in g  
t h e  w i n t e r ,  s u b s t a n t i a l  p o p u l a t i o n s  o f  d i n o f l a g e l l a t e s  a l s o  
o c c u r r e d .  P e r i d i n i u m  w i l l e i  was t h e  m a jo r  c o n t r i b u t o r .  
A l th o u g h  t h e  d i n o f l a g e l l a t e  p o p u l a t i o n s  w ere  g e n e r a l l y  a b u n ­
d a n t  d u r i n g  t h e  s p r i n g  and  f a l l ,  t h e  l a r g e s t  p u l s e  o c c u r r e d  
d u r i n g  t h e  summer o f  1967. On A u g u s t  1 and A ugus t  11,  
P e r i d i n i u m  in c o n s p ic tu r n  was found  i n  q u a n t i t i e s  o f  .07 and 
.06  c e l l s / 1 ,  r e s p e c t i v e l y .
V e r t i c a l  D i s t r i b u t i o n  o f  S t a n d i n g  Crop 
T a b le  3 sum m arizes  t h e  v e r t i c a l  d i s t r i b u t i o n  o f  t h e  
s t a n d i n g  c r o p  a t  Newfound Lake.  The b u l k  o f  t h e  p h y t o p l a n k t o n  
o c c u r r e d  a t  3 ,  5 ,  and 10 m e t e r s .  A l l  o f  t h e  C y a n o p h y c e a e , 
e x c e p t  Anabaena  f l o s - a q u a e , were  m os t  a b u n d a n t  be tw ee n  5 and 
10 m e t e r s . Anabaena f l o s - aquae  t h e  o n l y  f i l a m e n t o u s  b l u e -  
g r e e n  a l g a  o f  any  s i g n i f i c a n c e  a t  Newfound L ake ,  o c c u r r e d  
t h r o u g h o u t  t h e  summer i n  l a r g e s t  numbers  a t  t h e  s u r f a c e .
The C h ry so p h y c ea e  g e n e r a l l y  r e a c h e d  maximum s t a n d i n g  
c r o p s  a t  5 and 10 m e t e r s . An e x c e p t i o n  t o  t h i s  was th e
17
o c c u r r e n c e  o f  D in o b ry o n  s p p .  i n  l a r g e  numbers  a t  t h e  s u r f a c e  
d u r i n g  J u n e  and J u l y ,  1966. However,  d u r i n g  o t h e r  peak s  o f  
D in o b ry o n  s p p .  t h e  a l g a e  d i d  n o t  o c c u r  a t  t h e  s u r f a c e ,  b u t  
t h e y  r e a c h e d  t h e i r  maximum numbers  a t  3 ,  5 ,  and 10 m e t e r s .
An i n t e r e s t i n g  v e r t i c a l  d i s t r i b u t i o n  was n o t e d  i n  Mallomonas 
t o n s u r a t a  v a r .  a l p i n a .  D u r in g  t h e  p e r i o d  o f  i c e  c o v e r ,  when 
l i g h t  and t e m p e r a t u r e s  w ere  low, i t  r e a c h e d  maximum abundance  
a t  one m e t e r .  D u r in g  t h e  summer, i t  was found  i n  maximum 
numbers a t  10 and 15 m e t e r s ,  where  t h e  l i g h t  and t e m p e r a t u r e  
r e g im e s  w ere  lo w e r  t h a n  a t  t h e  s u r f a c e .  D u r in g  t h e  l a t e  f a l l ,  
i t  was a g a i n  h i g h e r  i n  t h e  w a t e r  column ( 3 - 5  m e t e r s ) . Such 
o b s e r v a t i o n s  s u g g e s t  t h a t  t h e  v e r t i c a l  d i s t r i b u t i o n  i s  d e p e n ­
d e n t  upon c e r t a i n  c r i t i c a l  t e m p e r a t u r e  a n d / o r  l i g h t  r e l a t i o n ­
s h i p s  .
The B a c i l l a r i o p h y c e a n  p o p u l a t i o n s  were  u s u a l l y  most  
a b u n d a n t  a t  5 and 10 m e t e r s  - e v en  d u r i n g  w i n t e r  when t h e  i c e  
and  snow c o v e r  was s u b s t a n t i a l .  I t  was a l s o  n o t e d ,  t h a t  as  
d i a t o m  p o p u l a t i o n s  d e c l i n e d ,  t h e y  t e n d e d  t o  o c c u r  p r o g r e s s i v e l y  
d e e p e r  i n  t h e  w a t e r  co lumn. T h i s  s i n k i n g  was e s p e c i a l l y  
e v i d e n t  a f t e r  pe ak s  o f  M e l o s i r a  i s l a n d i c a , A s t e r i o n e l l a  fo rm osa  
v a r .  fo rm osa  and R h i z o s o l e n i a  e r i e n s i s . R h i z o s o l e n i a  e r i e n s i s  
r e a c h e d  maximum numbers  a t  one m e t e r  d u r i n g  t h e  e a r l y  summer.
As t h e  p o p u l a t i o n  beg an  t o  d e c l i n e  t h e  d e p t h  a t  w h ich  t h e  
maximum number o f  o rg a n i s m s  was found  i n c r e a s e d ,  u n t i l  t h e
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a l g a  was a lm o s t  c o m p l e t e l y  a b s e n t  f rom  t h e  p h o t i c  z o n e .  The 
same se q u e n c e  o c c u r r e d  a g a i n  d u r i n g  t h e  summer o f  1967.
M e l o s i r a  i s l a n d i c a  was a b u n d a n t  n e a r  t h e  s u r f a c e  o n l y  a f t e r  
t h e  s p r i n g  and f a l l  o v e r t u r n s . F o l l o w i n g  t h e  o v e r t u r n s , i t  
s a n k  q u i c k l y  t o  g r e a t e r  d e p t h s .  A s t e r i o n e l l a  fo rm osa  v a r .  
f o r m o s a , C y c l o t e l l a  b o d a n i c a ,  and C_^  compta  n e v e r  d e v e lo p e d  
maximum numbers  n e a r  t h e  s u r f a c e ,  b u t  u s u a l l y  r e a c h e d  a 
maximum a t  5 and 10 m e t e r s .
D u r in g  t h e  i c e  f r e e  p e r i o d  t h e  members o f  t h e  
C r y p to p h y c e a e  w ere  e v e n l y  d i s t r i b u t e d  t h r o u g h o u t  t h e  p h o t i c  
z o n e .  However, d u r i n g  t h e  w i n t e r  t h e y  were  g e n e r a l l y  found  
c l o s e r  t o  t h e  s u r f a c e ,  a l t h o u g h  l a r g e  number o f  Rhodomonas 
l a c i s t r i s  and Cryptomonas sp p .  were  found  s t i l l  w e l l  be low 
t h e  p o i n t  o f  l i g h t  e x t i n c t i o n .  Most o f  t h e  D inophyceae  w ere  
e v e n l y  d i s t r i b u t e d  t h r o u g h o u t  t h e  w a t e r ,  e x c e p t  f o r  P e r i d i n i u m  
i n c o n s p ic tu r n  w h ich  was m ost  a b u n d a n t  a t  1 and 3 m e t e r s .  
P e r i d i n i u m  w i l l e i  r e a c h e d  maximum numbers  a t  1 m e t e r  u n d e r  
t h e  i c e  b u t  a f t e r  t h e  i c e  had m e l t e d  i t  t e n d e d  t o  become more 
e v e n l y  d i s t r i b u t e d .  The G h lo ro p h y ce ae  g e n e r a l l y  o c c u r r e d  i n  
t h e  s u r f a c e  w a t e r s  and r e a c h e d  maximum q u a n t i t i e s  a t  1 and 3 
m e t e r s .
O c c u r r e n c e  o f  R e p r o d u c t i v e  Sp o re s
T a b le  4 sum m arizes  t h e  r e p r o d u c t i v e  s p o r e  p e r i o d i c i t y  
o f  p h y t o p l a n k t o n  o b s e r v e d  d u r i n g  t h e  s t u d y .  S p o re s  were  o n ly
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found  i n  t h r e e  s p e c i e s .  A k i n e t e s  were  p r e s e n t  on Anabaena 
f l o s - aq u ae  t h r o u g h o u t  i t s  g row ing  s e a s o n ,  e x c e p t  f o r  
November. No o b v io u s  c o r r e l a t i o n s  were  e v i d e n t  b e tw ee n  
a k i n e t e  p r o d u c t i o n  and e n v i r o n m e n t a l  f a c t o r s .  S t a t o s p o r e s  were  
found  on D in o b ry o n  b a v a r i c u m  d u r i n g  J u n e  and J u l y ,  1967 and  
on D in o b ryo n  c y l i n d r i c u m  d u r i n g  O c to b e r  and November, 1966 
and J u n e  and J u l y ,  1967.  I n  a l l  c a s e s ,  t h e  f o r m a t i o n  o f  
s t a t o s p o r e s  o c c u r r e d  when t h e  s t a n d i n g  c r o p s  o f  D in o b ry on  spp .  
w ere  a t  t h e i r  peaks  and when t h e  o r t h o p h o s p h a t e  c o n c e n t r a t i o n s  
w ere  low (b e tw e e n  .008 and  .015 m g /1 ) .  No o t h e r  c o r r e l a t i o n s  
were  e v i d e n t  b e tw e e n  s p o r e  f o r m a t i o n  and o t h e r  e n v i r o n m e n t a l  
f a c t o r s .
C a l c u l a t i o n  o f  P h y t o p l a n k t o n  I n d i c e s  
An a t t e m p t  was made t o  a s s e s s  t h e  t r o p h i c  l e v e l  o f  
Newfound Lake by a p p l y i n g  t h e  p h y t o p l a n k t o n  q u o t i e n t s  p r o p o s e d  
by  v a r i o u s  a u t h o r s .  The C h lo ro p h y c e a n  q u o t i e n t  s u g g e s t e d  by 
Thunmark ( 1 9 4 5 ) ,  and t h e  Myxophycean, D ia to m ,  E u g l e n i n e ,  and 
Compound q u o t i e n t s  d e v e lo p e d  by N ygaard  (1949)  w ere  u s e d .  A 
summary o f  t h e  i n d e x  v a l u e s  and t h e  s u g g e s t e d  t r o p h i c  s t a t u s  
f o r  Newfound Lake i s  found  i n  T a b le  5. C a l c u l a t i o n s  were  
b a s e d  on y e a r l y  r e c o r d s  o f  s p e c i e s ,  a s  w e l l  a s  d i s t i n c t  
s e a s o n a l  p e r i o d s  ( i . e .  summer and  w i n t e r ) .  V a lu e s  f o r  i n d i c e s  
o t h e r  t h a n  t h e  D ia tom  in d e x  were  n o t  c a l c u l a t e d  f o r  t h e  w i n t e r ,  
s i n c e  Nygaard  c o n s i d e r e d  them a p p l i c a b l e  o n l y  t o  summer c o l l e c -
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t i o n s .  A summary o f  t h e  q u o t i e n t s  and t h e i r  i n t e r p r e t a t i o n s  
i s  as  f o l l o w s :
QUOTIENT OLIGOTROPHIC EUTROPHIC
C h lo r o p h y c e a n  =
C h l o r o c o c c a l e s  < * 1 0  1 n
D e sm id ie a e
Myxophycean =
Myxop h y c e ae  -  <  Q A  Q<1 _ 3 0
D e sm id ie a e
D ia tom  =
Ce n t r a l e s  <  0 3 ;> 0 -3
P e n n a l e s
E u g l e n i n e  =
E u g l e n i n e  <  Q 2  0 0  .  1 -0
Myxo. +  C h l o r .
Compound =
Myxo. + C h l o r .  + C e n t .  + E u g l e n . 1 0
D e sm id ie a e
>  2 .5
The r e s u l t s  shown i n  T a b le  5 a r e  c o n f l i c t i n g  and t h e  
d e s i g n a t i o n  o f  t h e  t r o p h i c  s t a t u s  o f  Newfound Lake depend s  
upon t h e  t y p e  o f  i n d e x  u s e d  and t h e  t im e  f o r  w h ic h  i t  i s  
c a l c u l a t e d .  The s im p le  C h lo r o p h y c e a n  i n d e x  and t h e  E u g l e n i n e  
in d e x  t e n d  t o  c l a s s i f y  t h e  l a k e  a s  o l i g o t r o p h i c . However,  t h e  
Myxophycean,  D ia to m ,  and Compound i n d i c e s  p l a c e  i t  a s  a meso- 
t r o p h i c  o r  e u t r o p h i c  l a k e .  An i n t e r p r e t a t i o n  o f  t h e  s i g n i f i ­
c a n c e  o f  t h e s e  r e s u l t s  c a n  be fou n d  i n  t h e  d i s c u s s i o n .
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ECOLOGY OF PHYTOPLANKTON AT WINNISQUAM LAKE
D e s c r i p t i o n  o f  A re a  and  E n v i r o n m e n t a l  F a c t o r s  
Winnisquam Lake i s  l o c a t e d  a t  a p p r o x i m a t e  4 3 °  32 '  N 
l a t i t u d e  and 71° 3 1 '  W l o n g i t u d e .  I t  i s  1 ,7 2 5  h e c t a r e s  i n  
a r e a  and has  a  maximum d e p t h  o f  50 m e t e r s  (N e w e l l ,  1 9 6 3 ) .  The 
o r i g i n  and b a s i c  m orphom etry  a r e  s i m i l a r  t o  t h a t  o f  Newfound 
Lake .  The n o r t h e r n  p o r t i o n  o f  t h e  l a k e  i s  u n d e r l a i n  by 
medium t o  c o a r s e  g r a i n e d  b i o t i t e - q u a r t z  m o n z o n i t e ,  w h i l e  t h e  
b e d r o c k  i n  t h e  s o u t h e r n  p o r t i o n  i s  composed o f  m icac eo u s  
q u a r t z i t e  and c o a r s e  g r a i n e d  m ica  s c h i s t  ( B i l l i n g s ,  1956) .
P h i l i p  J .  Saywer ( p e r s o n a l  c o m m u n ica t io n )  h a s  a l s o  
s t u d i e d  t h e  l i m n o l o g i c a l  c h a r a c t e r i s t i c s  o f  W innisquam L a k e .  
H is  d a t a  have shown t h a t  i t  i s  a  s o f t - w a t e r  l a k e .  The pH 
ra n g e d  f rom  6 . 2 - 7 . 2 ,  e x c e p t  d u r i n g  an  e x t r e m e  b loom  o f  
Aphanizomenon f l o s - a q u a e , when a  v a l u e  o f  1 0 .2  was r e c o r d e d .  
M e th y l  o r a n g e  a l k a l i n i t y  v a l u e s  r a n g e d  f rom  5 . 0  -  1 1 .0  ppm.
No p h e n o l p h t h a l e i n  h a r d n e s s  was r e c o r d e d  e x c e p t  d u r i n g  b loom  
c o n d i t i o n s . The oxygen v a l u e s  r a n g e d  from 100% s a t u r a t i o n  
a t  t h e  s u r f a c e  t o  c o m p le t e  oxygen d e p l e t i o n  i n  t h e  h y p o l i m i -  
n i o n  d u r i n g  t h e  summer m o n th s .  T o t a l  d i s s o l v e d  s o l i d s  r a n g e d  
f rom  55 -  75 ppm.
The s e a s o n a l  c y c l e  o f  t e m p e r a t u r e  a t  W innisquam Lake 
was s i m i l a r  t o  t h a t  a t  Newfound Lake (com pare  F i g s .  3 & 1 0 ) .
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The maximum summer s u r f a c e  t e m p e r a t u r e s  a t  W innisquam  Lake 
r a n g e d  b e tw ee n  2 3 .0  and 2 5 .0  C, and a f t e r  t h e  summer t h e r e  
was a s t e a d y  d e c r e a s e  i n  t e m p e r a t u r e s  u n t i l  t h e  f a l l  o v e r t u r n .  
D u r in g  t h e  w i n t e r  o f  1967 t h e  t e m p e r a t u r e s  u n d e r  t h e  i c e  
showed an  i n v e r s e  s t r a t i f i c a t i o n  s i m i l a r  t o  t h a t  i n  Newfound 
L ake .  The s p r i n g  o v e r t u r n  o c c u r r e d  d u r i n g  A p r i l ,  and r e l a t i v e l y  
i s o t h e r m a l  c o n d i t i o n s  e x i s t e d  u n t i l  e a r l y  J u n e .  T h e r e a f t e r ,  
t h e  summer s t r a t i f i c a t i o n  b e g a n  t o  d e v e l o p .  The maximum 
summer s u r f a c e  t e m p e r a t u r e s  were  r e a c h e d  l a t e r  i n  1967 t h a n  in
1966. I n  a d d i t i o n ,  t h e  c o m p le t e  o v e r t u r n  i n  t h e  f a l l  o f  1967 
d i d  n o t  o c c u r  u n t i l  much l a t e r .
F i g u r e  4 i l l u s t r a t e s  t h e  s e a s o n a l  v a r i a t i o n  o f  l i g h t  
p e n e t r a t i o n  a t  Winnisquam L ake .  B ecause  t h e  t o t a l  s t a n d i n g  
c r o p  a t  W innisquam Lake was much g r e a t e r  t h a n  a t  Newfound 
L ake ,  t h e  l i g h t  p e n e t r a t i o n  a t  Winnisquam Lake was r e d u c e d .  
D u r in g  1966,  t h e  l i g h t  p e n e t r a t i o n  ra n g e d  f rom  7 . 0  t o  1 0 .0  
m e t e r s ,  d e p e n d in g  on s e a s o n a l  v a r i a t i o n s  o f  t h e  s t a n d i n g  c r o p .  
The maximum i c e  ( 6 0 .0  cm) and snow c o v e r  ( 2 2 . 8  cm) a t  W in n i ­
squam Lake was r e c o r d e d  on March 3 ,  and a t  t h i s  t im e  t h e  1% 
l i g h t  l e v e l  r a n g e d  b e tw ee n  4 . 2  and 5 . 8  m e t e r s .  D u r in g  A p r i l ,  
t h e  i c e  c o v e r  had j u s t  d i s a p p e a r e d  and t h e  maximum s p r i n g  
s t a n d i n g  c r o p  was r e c o r d e d .  The l i g h t  p e n e t r a t i o n  r e a c h e d  i t s  
lowesi:  v a l u e  ( 3 . 2  m e t e r s )  a t  t h i s  t im e .  The o c c u r r e n c e  o f  a 
l a r g e  amount o f  p a r t i c u l a t e  m a t t e r  a l s o  c o n t r i b u t e d  t o  t h e  low
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t r a n s p a r e n c y .  Summer t r a n s p a r e n c i e s  were  c o m p a ra b le  t o  t h e  
p r e v i o u s  summer. D u r in g  t h e  f a l l ,  t h e  l i g h t  p e n e t r a t i o n  
d e c r e a s e d  d r a s t i c a l l y ,  c o r r e s p o n d i n g  t o  t h e  t im e  o f  t h e  f a l l  
p h y t o p l a n k t o n  bloom.
F i g u r e s  11 -  13 summarize  t h e  s e a s o n a l  v a l u e s  o f  
n u t r i e n t s  ( o r t h o p h o s p h a t e ,  n i t r a t e  n i t r o g e n ,  and s i l i c o n  
d i o x i d e )  a t  W innisquam Lake .  The mean o r t h o p h o s p h a t e  v a l u e s  
w e re  .035 mg/1 a t  1 m e t e r ,  .036  mg/1 a t  5 m e t e r s ,  and  .051 
mg/1 a t  10 m e t e r s .  D u r in g  1966 t h e  o r t h o p h o s p h a t e  c o n c e n t r a ­
t i o n s  r a n g e d  f rom  .124 mg/1 on S e p tem b er  12 t o  .019 mg/1 on 
S e p tem b er  28 .  I n  1967 t h e  v a l u e s  r a n g e d  f rom  maxima o f  .079  
mg/1 (S e p te m b e r  6) and  .076 mg/1 ( A p r i l  17) t o  minima o f  .012 
mg/1 (A ugus t  1) and .015 mg/1 (March 3 ) .  A t  1, 5 ,  and  10 
m e t e r s  t h e r e  w ere  s i m i l a r  s e a s o n a l  t r e n d s  and o n ly  s l i g h t  
d i f f e r e n c e s  w ere  e v i d e n t  a t  t h e  d e p t h s  sam p led .
The mean n i t r a t e  n i t r o g e n  c o n c e n t r a t i o n s  w e re  .087 mg/1
a t  1 m e t e r ,  .096  mg/1 a t  5 m e t e r s ,  and .122 mg/1 a t  10 m e t e r s .
D u r in g  1966 t h e y  r a n g e d  f rom .201 mg/1 ( Ju n e  25) t o  .012 mg/1
( S e p tem b er  1 2 ) .  I n  1967, maxima o f  a p p r o x i m a t e l y  .210  mg/1 
o c c u r r e d  from March t h r o u g h  e a r l y  A p r i l  and i n  S e p te m b e r .  The 
minimum v a l u e s  ( a p p r o x i m a t e l y  .030 mg/1) o c c u r r e d  f rom l a t e  
J u n e  t h r o u g h  A u g u s t .  The n i t r a t e  c o n c e n t r a t i o n s  a t  t h e  t h r e e  
s a m p l in g  d e p t h s  showed a s i m i l a r  p a t t e r n ,  e x c e p t  d u r i n g  
S e p te m b e r ,  1967,  when t h e  amount a t  10 m e t e r s  r o s e  t o  .205 mg/1.
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The c o n c e n t r a t i o n s  a t  10 m e t e r s  w e re  v e r y  h i g h  t h r o u g h o u t  
S e p te m b e r ,  b u t  d e c r e a s e d  a g a i n  by  O c t o b e r  16.
The mean s i l i c o n  d i o x i d e  c o n c e n t r a t i o n s  r e c o r d e d  
d u r i n g  t h e  s t u d y  w ere  .286  mg/1 a t  1 m e t e r ,  .274  mg/1 a t  5 
m e t e r s ,  and .266 mg/1 a t  10 m e t e r s .  D u r in g  J u n e ,  J u l y ,  and 
A u g u s t ,  1966 t h e  v a l u e s  r a n g e d  f rom  .160 t o  .220 m g/1 .  They 
d e c r e a s e d  t o  a  low o f  .030  mg/1 on S e p tem b er  28 ,  b u t  t h e y  
r o s e  a g a i n  d u r i n g  l a t e  f a l l .  The maximum s i l i c o n  d i o x i d e  
c o n c e n t r a t i o n  r e c o r d e d  d u r i n g  1967 was .520  mg/1 on March 3. 
A f t e r  March t h e  c o n c e n t r a t i o n s  d e c r e a s e d  and e v e n t u a l l y  l e v e l e d  
o f f  d u r i n g  J u n e ,  J u l y ,  and  A u g u s t .  A l a t e  f a l l  p e a k  ( . 4 0 0  
mg/1) was r e c o r d e d  on November 3 .  The s i l i c o n  d i o x i d e  
c o n c e n t r a t i o n s  r e c o r d e d  a t  d i f f e r e n t  d e p t h s  w ere  q u i t e  v a r i a b l e ,  
p r o b a b l y  r e f l e c t i n g  d i f f e r e n c e s  i n  u t i l i z a t i o n  a t  t h e  p a r t i c u l a r  
d e p t h s .
S p e c i e s  C o m p o s i t io n  
One h u n d red  and f o r t y - t h r e e  s p e c i e s  o f  a l g a e  were  
i d e n t i f i e d  f rom t h e  p l a n k t o n  a t  W innisquam  Lake .  S e v e r a l  
s p e c i e s ,  how ever ,  were  c o n s i d e r e d  t r a n s i t o r y  members i n  t h e  
open w a t e r  - e . g .  some o f  t h e  f i l a m e n t o u s  g r e e n  a l g a e  
(M o u g e o t i a , Oedogonium, and S p i r o g y r a ) , c e r t a i n  s p e c i e s  o f  
O s c i l l a t o r i a , and  t h e  d i a t o m  C y m b e l l a . T a b le  6 sum m arizes  a l l  
o f  t h e  s p e c i e s  fo u nd  and  t h e i r  p e r i o d i c i t y  o f  o c c u r r e n c e .
The g r e e n  a l g a e  c o n t r i b u t e d  t h e  m ost  s p e c i e s  t o  t h e
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p h y t o p l a n k t o n  a t  Winnisquam Lake - e . g .  n i n e t y - t h r e e  s p e c i e s  
w e re  members o f  t h e  C h l o r o p h y c e a e . T h e re  w ere  32 desmid  
s p e c i e s  f o u n d .  O t h e r  m a jo r  c o n t r i b u t i n g  g ro u p s  w ere  t h e  
B a c i l l a r i o p h y c e a e  (14 s p e c i e s ) ,  C h ry so p h y c e a e  (13 s p e c i e s ) ,  
and Cyanophyceae  (10 s p e c i e s ) . The l a k e  a l s o  had a  l a r g e  
number o f  e p h e m e ra l  s p e c i e s ;  t h e y  c o n t r i b u t e d  t o  t h e  marked 
f l u c t u a t i o n s  i n  t h e  s p e c i e s  c o m p o s i t i o n  t h r o u g h o u t  t h e  y e a r .  
Only  21 s p e c i e s  w ere  p r e s e n t  i n  a l l  o f  t h e  29 c o l l e c t i o n s  
made d u r i n g  t h e  s t u d y .  T h ese  p e r s i s t e n t  s p e c i e s  i n c l u d e d  a 
few members f rom  a l l  o f  t h e  a l g a l  c l a s s e s  p r e s e n t .  The 
m a j o r i t y  o f  t h e  e p h e m e ra l  s p e c i e s  w ere  members o f  t h e  C h l o r o ­
p h y c e a e .  I n  g e n e r a l ,  t h e  summer p h y t o p l a n k t o n  f l o r a  o f  
W innisquam  Lake was composed o f  a  l a r g e  number o f  s p e c i e s  o f  
C h lo r o p h y c e a e  and f i l a m e n t o u s  C y an ophyceae .  I n  t h e  s p r i n g  
and f a l l ,  t h e  B a c i l l a r i o p h y c e a e ,  C h r y s o p h y c e a e ,  and  C h l o r o ­
p h y c e a e  ( m a in ly  d e s m i d s ) , c o n t r i b u t e d  t h e  l a r g e s t  number o f  
s p e c i e s .  D ia tom s were  t h e  m a jo r  com ponen ts  o f  t h e  w i n t e r  
f l o r a .
S e a s o n a l  P e r i o d i c i t y  o f  S t a n d i n g  Crop 
F i g u r e  14 sum m arizes  t h e  t o t a l  s t a n d i n g  c r o p  a t  
W innisquam  L ake ,  w h i l e  F i g u r e  15 shows t h e  m a jo r  com ponents  o f  
t h e  t o t a l  p h y t o p l a n k t o n .  Each p o i n t  on F i g u r e s  14 and 15 
r e p r e s e n t s  t h e  mean v a l u e  o f  f o u r  d e p t h s  ( 1 ,  3 ,  5 ,  and 10 
m e t e r s )  and t h r e e  s t a t i o n s ,  i . e .  12 c o l l e c t i o n s .  The mean
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m o n th ly  c e l l  c o u n t s  f o r  t h e  m a jo r  s p e c i e s  c o n t r i b u t i n g  t o  t h e  
s t a n d i n g  c ro p  a r e  a l s o  d e p i c t e d  i n  T a b le  7.
The t o t a l  s t a n d i n g  c r o p  was much h i g h e r  d u r i n g  1967 
th a n  i n  1966;  i n  some c a s e s  t h e  d i f f e r e n c e  was a s  g r e a t  a s  
1 .0  x 10^ c e l l s / 1 .  L arge  p o p u l a t i o n s  o f  a l g a e ,  c h i e f l y  b l u e -  
g r e e n ,  o c c u r r e d  d u r i n g  J u l y  and A u g u s t ,  1966.  A maximum o f  
2 .2  x 10^ c e l l s / 1  was fo u n d  on A u g u s t  8 .  The p o p u l a t i o n s  t h e n  
d e c r e a s e d  t o  t h e i r  l o w e s t  p o i n t s  ( . 7  x 10 c e l l s / 1 )  d u r i n g  
A u g u s t  and S e p te m b e r .  A se co n d  p u l s e  ( 1 . 7  x  10^ c e l l s / l )  
was r e c o r d e d  a f t e r  t h e  f a l l  o v e r t u r n ;  i t  was p r i m a r i l y  com­
posed  o f  b l u e - g r e e n  a l g a e  and  d i a t o m s . The f a l l  p u l s e  was 
t h e n  f o l l o w e d  by a g r a d u a l  d e c l i n e  i n  t h e  s t a n d i n g  c r o p .
D u r in g  F e b r u a r y  and  March o f  1967 ,  t h e  s t a n d i n g  c r o p  
( m a in ly  d i a t o m s )  was a t  i t s  l o w e s t  p o i n t  (b e tw e e n  .45  and .55
fi
x 10 c e l l s / 1 ) . A r a p i d  i n c r e a s e  i n  t h e  p h y t o p l a n k t o n  numbers  
o f  a l l  a l g a l  g r o u p s  o c c u r r e d  a f t e r  t h e  s p r i n g  o v e r t u r n .  By
fi
A p r i l  29 ,  a  maximum o f  9 . 0  x 10 c e l l s / 1  was fo u n d .  A r a p i d  
d e c l i n e  i n  numbers  t h e n  e n su e d  and  a summer low o f  1 .3  x 10^ 
c e l l s / 1  was r e c o r d e d  on J u n e  2 .  A l th o u g h  t h e  c e l l  c o u n t s  
r e c o r d e d  on J u n e  2 were  r e l a t i v e l y  low f o r  1967 ,  t h e y  were  
s t i l l  h i g h e r  t h a n  most  o f  t h e  1966 r e c o r d s .  The s t a n d i n g  
c r o p  i n c r e a s e d  r a p i d l y  t h r o u g h o u t  t h e  summer and f a l l  and
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r e a c h e d  a maximum o f  1 . 7  x  10 c e l l s / 1  on S e p tem ber  29.  At 
t h i s  d a t e ,  m os t  o f  t h e  s t a n d i n g  c r o p  c o n s i s t e d  o f  Aphanizomenon
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f l o s - a q u a e  and i t  r e m a in e d  v e r y  h i g h  u n t i l  t h e  s t u d y  was 
t e r m i n a t e d  i n  November.
The Cyanophyceae  and C h lo r o p h y c e a e  were  t h e  m a jo r  
p h y t o p l a n k t o n  com ponents  a t  W innisquam L ak e .  A b l u e - g r e e n  
maximum o f  1 .5  x  10^ c e l l s / I  ( c h i e f l y  A nabaena  f l o s - a q u a e ) 
was r e c o r d e d  on A u g us t  8 ,  1966 ,  and  a  s m a l l e r  p e a k  o f  .68  x 
10^ c e l l s / I  ( m o s t l y  Aphanizomenon f l o s - a q u a e ) o c c u r r e d  i n  
O c t o b e r  12. D u r in g  F e b r u a r y  and March o f  1967 a  s u b s t a n t i a l  
p o p u l a t i o n  o f  O s c i l l a t o r i a  l i m n e t i c a  d e v e l o p e d  u n d e r  t h e  i c e .  
T h e i r  c e l l  numbers  i n c r e a s e d  r a p i d l y  a f t e r  t h e  s p r i n g  o v e r ­
t u r n  and  a p e a k  o f  3 . 6  x 10^ c e l l s / 1  was r e c o r d e d  on A p r i l  29 .  
A p e a k  o f  3 .2  x  10^ c e l l s / 1  o c c u r r e d  on J u l y  6 ,  1967; i t  
c o n s i s t e d  m o s t l y  o f  Anabaena  f l o s - aq u ae  and Aphanizomenon 
f l o s - a q u a e . The f i n a l  p u l s e  be g an  i n  e a r l y  A u g us t  and  a 
maximum o f  1 .7  x  10^ c e l l s / 1  was r e c o r d e d  on S e p te m b e r  29 
( a l m o s t  e n t i r e l y  Aphanizomenon f l o s - a q u a e ) .
The C h lo r o p h y c e a e  w e re  a n o t h e r  m a jo r  g ro u p  c o n t r i b u t ­
i n g  t o  t h e  t o t a l  s t a n d i n g  c r o p  a t  W innisquam  L ake .  One m a jo r  
p e ak  ( 1 . 5  x  10^ c e l l s / 1 )  was o b s e r v e d  on J u l y  18 ,  1966; i t  was 
composed c h i e f l y  o f  G l o e o c y s t i s  v e s i c u l o s a  and E u d o r in a  
e l e g a n s . The p o p u l a t i o n s  t h e n  l e v e l e d  o f f  d u r i n g  t h e  r e s t  o f  
t h e  summer and f a l l ,  and c e l l  c o u n t s  o f  .3  -  .5  x  10^ c e l l s / l  
were  r e c o r d e d .  T h i s  l a t e  summer and f a l l  p o p u l a t i o n  a l s o  had 
P i c t y o s p h a e r i u m  p u l e h e l i u m , S t a u r a s t r u m  p i n g u e , and
28
S c h r o e d e r i a  j u d a y i  a s  i m p o r t a n t  c o n t r i b u t o r s . The g r e e n  a l g a l  
p o p u l a t i o n s  w ere  a t  t h e i r  l o w e s t  p o i n t  d u r i n g  F e b r u a r y  and 
M arch ,  1967.  A f t e r  t h e  s p r i n g  o v e r t u r n  t h e i r  c e l l  numbers 
i n c r e a s e d  d r a s t i c a l l y  and a  maximum o f  2 . 1  x 10^ c e l l s / 1  was 
found  on A p r i l  29 .  A lm ost  a l l  o f  t h e  m a t e r i a l  a t  t h i s  t im e  
was A n k i s t r o d e s m u s  f a l c a t u s  v a r .  m i r a b i l i s . The s t a n d i n g  
c r o p  t h e n  g r a d u a l l y  d e c r e a s e d  u n t i l  a  s e co n d  p u l s e  o c c u r r e d  
d u r i n g  J u l y  and A u g u s t .  The summer maximum o f  1 . 6  x 10^ c e l l s / 1  
was o b s e r v e d  on A ugus t  1;  i t  was p r i m a r i l y  composed o f  
D i c t y o s p h a e r i u m  p u l e h e H u m  and G l o e o c y s t i s  v e s i c u l o s a . The 
p o p u l a t i o n  o f  g r e e n  a l g a e  t h e n  d e c r e a s e d  r a p i d l y  t o  a low 
l e v e l  w h ic h  was m a i n t a i n e d  u n t i l  t h e  t e r m i n a t i o n  o f  t h e  s t u d y .
The members o f  t h e  B a c i l l a r i p h y c e a e  c o n t r i b u t e d  
s i g n i f i c a n t l y  t o  t h e  w i n t e r ,  s p r i n g  and l a t e  f a l l  s t a n d i n g  
c r o p .  D u r in g  t h e  summer o f  1966,  t h e  p o p u l a t i o n s  w e re  g e n e r a l l y  
low u n t i l  A u g u s t .  At t h i s  t i m e ,  t h e r e  was an  i n c r e a s e  i n  
T a b e l l a r i a  f e n e s t r a t a  v a r .  f e n e s t r a t a  and  a  p e a k  o f  a p p r o x i ­
m a t e l y  .13  x 10^ c e l l s / 1  was found  f rom S e p tem b er  12 t o  
O c to b e r  12.  The maximum d i a t o m  s t a n d i n g  c r o p  ( . 6 4  x 10 c e l l s / l )  
o c c u r r e d  on November 23 ,  and  i t  c o n s i s t e d  c h i e f l y  o f  F r a g i l a r i a  
c r o t o n e n s i s , A s t e r i o n e l l a  fo rm osa  v a r .  f o r m o s a , and M e l o s i r a  
i t a l i c a .
The w i n t e r  d i a t o m  p o p u l a t i o n s  w ere  somewhat lo w e r  t h a n  
t h o s e  r e c o r d e d  d u r i n g  t h e  f a l l  and t h e y  were  p r i m a r i l y  composed
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o f  M e l o s i r a  i t a l i c a , A s t e r i o n e l l a  fo rm osa  v a r .  f o r m o s a ,  and A. 
fo rm osa  v a r .  g r a c i l l i m a . The d i a t o m  p o p u l a t i o n  i n c r e a s e d  
d u r i n g  A p r i l  and i t  r e a c h e d  a p e a k  o f  2 . 3  x  10^ c e l l s / 1  on 
A p r i l  29.  The t o t a l  p o p u l a t i o n  t h e n  d e c r e a s e d  t o  an  e a r l y  
summer low; h ow ever ,  S y n e d ra  u l n a  r e a c h e d  i t s  maximum s t a n d i n g  
c r o p  ( . 1 8  x 10^ c e l l s / 1 ) ,  on May 11. The s t a n d i n g  c r o p  
r e c o r d e d  d u r i n g  t h e  summer o f  1967 was d i f f e r e n t  f rom  t h a t  o f
1966. Peaks  o f  F r a g i l a r i a  c r o t o n e n s i s  were  o b s e r v e d  on J u l y  
21 ( . 3 5  x 10^ c e l l s / 1 )  and on A u gu s t  1 ( . 2 2  x 10^ c e l l s / 1 ) .  
T h e re  was t h e n  a s t e a d y  d e c l i n e  i n  t h e  d i a t o m  p o p u l a t i o n  and 
no  s i g n i f i c a n t  f a l l  d i a t o m  p u l s e  o c c u r r e d .
The C h ryso ph y ceae  c o n t r i b u t e d  i n s i g n i f i c a n t l y  t o  t h e  
t o t a l  s t a n d i n g  c r o p  a t  Winnisquam Lake .  S y n u ra  u v e l l a  and 
D in o b ry o n  s p p .  were  t h e  m ost  i m p o r t a n t  i n d i v i d u a l s  o f  th e  
c l a s s .  S m a l l  pe ak s  were  r e c o r d e d  i n  Ju n e  and J u l y  o f  1966, 
and  a  h i g h  o f  .22 x 10^ c e l l s / 1  was found  on O c to b e r  12 
S y n u ra  u v e l l a  c o n t r i b u t e d  .19  x 10 c e l l s / 1  t o  t h i s  p e a k .
D u r in g  1967 ,  t h e  p o p u l a t i o n s  w ere  even  lo w e r  t h a n  i n  1966.
Peaks  o f  S y n u ra  u v e l l a  w ere  r e c o r d e d  on A ugus t  1 ( . 1 0  x 10
fi
c e l l s / 1 )  and on A u g u s t  11 ( . 1 2  x 10 c e l l s / 1 ) .  The p o p u l a t i o n s  
o f  C h ry so p h y c ea e  were  s c a r c e l y  d e t e c t a b l e  d u r i n g  t h e  f a l l  o f
1967.
The C ry p to p h y c e a e  were  a t  t h e i r  p e a k  d u r i n g  t h e  s p r i n g  
o v e r t u r n .  The m a jo r  c o n t r i b u t o r s  were  Rhodomonas l a c u s t r i s
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and Cryptomonas o v a t a ;  a l t h o u g h  o t h e r  s p e c i e s  o f  Cryptomonas  
w e re  e v i d e n t  a t  t h e  t im e .  T h e i r  s t a n d i n g  c r o p  was f a i r l y  
u n i f o r m  t h r o u g h o u t  1966 e x c e p t  f o r  a s m a l l  p e ak  o f  .24  x 10^ 
c e l l s / 1  w h ich  was r e c o r d e d  on O c t o b e r  12.  The p o p u l a t i o n  was 
v e r y  low d u r i n g  t h e  w i n t e r  o f  1967 ,  b u t  a r a p i d  i n c r e a s e  o f  
Rhodomonas l a c u s t r i s  o c c u r r e d  i m m e d ia te ly  a f t e r  t h e  i c e  m e l t e d .  
The p o p u l a t i o n  r e a c h e d  a p l a t e a u  o f  a b o u t  .80 x 10^ c e l l s / I  
on A p r i l  29 ,  and i t  r e m a in e d  a t  t h i s  l e v e l  t h r o u g h o u t  May.
T h e re  was t h e n  a  r a p i d  d e c l i n e  i n  t h e  C ry p to p h y c e a n  p o p u l a t i o n  
and  i t  r em a in e d  a t  a  low l e v e l  u n t i l  t h e  end o f  t h e  s t u d y .
Only one s p e c i e s  o f  t h e  D in o p h y c e a e ,  C e r a t i u m  
h i r u n d i n e l l a , was c o n s i s t e n t l y  found  i n  t h e  c e l l  c o u n t s ,  b u t  
s e v e r a l  o t h e r  e p h e m e ra l  w ere  a l s o  r e c o r d e d .  The l a r g e s t  
p o p u l a t i o n  o f  D ino p h y c ea e  was found  on S e p tem ber  12 ( . 0 2 4  x 10^ 
c e l l s / I )  and on S e p tem ber  28 ( . 0 4 8  x 10^ c e l l s / 1 ) .  The s t a n d ­
in g  c r o p  r e c o r d e d  d u r i n g  1967 was n e v e r  a s  h ig h  a s  t h a t  
o b s e r v e d  i n  1966.
E f f e c t s  o f  Copper  S u l p h a t e  T r e a tm e n t  on 
The S t a n d i n g  Crop
The n a t u r a l  s e q u e n c e  o f  d e v e lo p m e n t  a t  W innisquam  Lake 
was a l t e r e d  on J u l y  21,  1967 when 0 . 5  ppm o f  c o p p e r  s u l p h a t e  
were  added  by t h e  New H am psh ire  W a te r  S u p p ly  and P o l l u t i o n  
C o n t r o l  Com mission ,  t o  c o n t r o l  a  b loom o f  Anabaena  f l o s - aq u ae  
and Aphanizomenon f l o s - a q u a e . C o l l e c t i o n s  made b e f o r e  and  on
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t h e  day o f  a p p l i c a t i o n  r e v e a l e d  t h a t  t h e  b l u e - g r e e n  a l g a l
£L
p o p u l a t i o n s  had r e a c h e d  t h e i r  p e a k  o f  3 . 2  x 10 c e l l s / 1  on 
J u l y  6 ,  and  t h e y  w ere  d e c r e a s i n g  a t  t h e  t im e  o f  a p p l i c a t i o n .
I n  c o n t r a s t ,  t h e  p o p u l a t i o n s  o f  C h l o r o p h y c e a e ,  B a c i l l a r i o p h y ­
c e a e ,  and C r y p to p h y c e a e  w ere  i n c r e a s i n g  b e f o r e  t h e  a p p l i c a t i o n .  
Our r e c o r d s  i n d i c a t e d  t h a t  t h e  t o t a l  s t a n d i n g  c r o p  i n c r e a s e d  
f rom  3 . 5  x 10^ c e l l s / 1  on J u l y  21 t o  3 . 8  x 10^ c e l l s / 1  on 
A u g u s t  1 .  S e v e r a l  s p e c i e s  d e c r e a s e d  i n  n um b ers ,  b u t  c e r t a i n  
g r e e n  a l g a l  p o p u l a t i o n s  c o n t i n u e d  t o  i n c r e a s e .  The m ost  
s t r i k i n g  example  was D i s t y o s p h a e r i u m  p u l e h e H u m  w h ic h  i n c r e a s e d
from  .27  x 10^ c e l l s / 1  t o  1 .0 3  x 10^ c e l l s / 1 .  G l o e o c y s t i s
fi 6v e s i c u l o s a  a l s o  i n c r e a s e d  ( f ro m  .39  x 10 t o  .51  x 10 c e l l s / 1 ) .
The d i a t o m  and c ry p to m on ad  p o p u l a t i o n s  d e c r e a s e d .  The b l u e -
/:
g r e e n  p o p u l a t i o n s  d e c r e a s e d  s l i g h t l y  and 1 . 8  x 10 c e l l s / 1  
w ere  r e c o r d e d  on A u g u s t  1 .  However,  t h e  s t a n d i n g  c r o p  o f  
Aphanizomenon f l o s - aqu ae  t h e n  b e g an  t o  i n c r e a s e  and a  maximum
Q
o f  1 .7  x  10 c e l l s / 1  was r e c o r d e d  on S e p tem b er  29 .  T h i s  was 
t h e  h i g h e s t  v a l u e  r e c o r d e d  f o r  a  p h y t o p l a n k t o n  p o p u l a t i o n  
d u r i n g  t h e  s t u d y .  The p o p u l a t i o n  o f  Aphanizomenon f l o s - aquae  
r e m a in e d  v e r y  h i g h  u n t i l  t h e  t e r m i n a t i o n  o f  t h e  s t u d y .  D u r in g  
t h e  same p e r i o d  a l l  o f  t h e  o t h e r  a l g a l  g ro u p s  e v e n t u a l l y  
d e c r e a s e d  i n  a b u n d a n c e ,  and  t h e  n o rm a l  f a l l  p u l s a t i o n  d i d  n o t  
o c c u r .
32
V e r t i c a l  D i s t r i b u t i o n  o f  S t a n d i n g  Crop
T a b le  8 sum m arizes  t h e  v e r t i c a l  d i s t r i b u t i o n  o f  t h e  
s t a n d i n g  c r o p  a t  W innisquam  L ake .  I n  c o n t r a s t  t o  t h e  v e r t i c a l  
d i s t r i b u t i o n  a t  Newfound, t h e  l a r g e s t  p o r t i o n  o f  t h e  s t a n d i n g  
c r o p  a t  Winnisquam Lake o c c u r r e d  i n  t h e  u p p e r  f i v e  m e t e r s .  A 
l a r g e  p e r c e n t a g e  o f  t h e  p h y t o p l a n k t o n  o c c u r r e d  be low  5 m e t e r s  
when p o p u l a t i o n s  w ere  d e c l i n i n g  and  s i n k i n g  o u t  o f  t h e  p h o t i c  
z o n e .  The v e r t i c a l  d i s t r i b u t i o n s  o f  t h e  s t a n d i n g  c r o p  a l s o  
depended  upon t h e  p e r i o d i c i t y  o f  m a jo r  p h y t o p l a n k t o n  g r o u p s .  
When t h e r e  was a  l a r g e  p o p u l a t i o n  o f  b l u e - g r e e n  a l g a e  t h e  
l a r g e s t  number o f  o rg a n i s m s  u s u a l l y  o c c u r r e d  n e a r  t h e  s u r f a c e ,  
b u t  when d i a to m s  were  d om in a n t  t h e  maximum numbers  o c c u r r e d  
lo w e r  i n  t h e  w a t e r  co lum n.
A l th o u g h  t h e  l a r g e s t  numbers  o f  Cyanophyceae  u s u a l l y  
o c c u r r e d  a t  1 ,  3 ,  and 5 m e t e r s ,  a t  t im e s  t h e y  w ere  o b s e r v e d  
i n  abundance  a t  low er  d e p t h s .  F o r  e x am ple ,  O s c i l l a t o r i a  
l i m n e t i c a  showed a  c o n s p i c u o u s  s e a s o n a l  d i f f e r e n c e  i n  i t s  
v e r t i c a l  d i s t r i b u t i o n .  D u r in g  l a t e  F e b r u a r y  and e a r l y  March 
l a r g e  p o p u l a t i o n s  were  p r e s e n t  i n  t h e  u p p e r  t h r e e  m e t e r s .  By 
t h e  end o f  March i t  had s e t t l e d  t o  10 and 15 m e t e r s  -  even  
t h r o u g h  i t  was s t i l l  i n c r e a s i n g  i n  num bers .  W i th  t h e  o n s e t  
o f  t h e  s p r i n g  o v e r t u r n ,  a  l a r g e  p o r t i o n  o f  t h e  p o p u l a t i o n  was 
b r o u g h t  t o  t h e  s u r f a c e  where  i t  i n c r e a s e d  r a p i d l y .  The s t a n d ­
i n g  c ro p  o f  O s c i l l a t o r i a  l i m n e t i c a  t h e n  d e c r e a s e d ,  s a n k  t o  
lo w e r  d e p t h s  and f i n a l l y  d i s a p p e a r e d  f rom  t h e  p h o t i c  z o n e .
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The l a r g e  bloom o f  Aphanizomenon f l o s - a q u a e , w h ich  o c c u r r e d  
d u r i n g  t h e  f a l l  o f  1967,  d i d  n o t  a p p e a r  t o  r e a c t  i n  t h e  same 
m anner .  On Sep tem ber  6 i t  was found  i n  v e r y  l a r g e  numbers  a t  
1 ,  3 ,  and 5 m e t e r s .  D u r in g  l a t e  Sep tem b er  and  O c to b e r  some o f  
t h e  p o p u l a t i o n  moved t o  10 m e t e r s ,  w i t h  t h e  d e c l i n e  and e v e n ­
t u a l  d e c o m p o s i t i o n  o f  t h e  a l g a  o c c u r r i n g  i n  t h e  u p p e r  10 m e t e r s .
The members o f  t h e  C h lo r o p h y c e a e  w ere  more e v e n l y  
d i s t r i b u t e d  w i t h i n  t h e  u p p e r  t e n  m e t e r s  t h a n  t h e  C yanophyceae .  
However,  when l a r g e  blooms o f  b l u e - g r e e n  a l g a e  were  found  a t  
t h e  s u r f a c e ,  t h e  maximum v e r t i c a l  d i s t r i b u t i o n  o f  t h e  g r e e n  
a l g a e  was r e d u c e d .  An i n t e r e s t i n g  v e r t i c a l  d i s t r i b u t i o n  was 
found  i n  C l o s t e r i o p s i s  l o n g i s s i m a . D u r in g  t h e  i c e - f r e e  p e r i o d s ,  
i t  was a lw ay s  c o n f i n e d  t o  t h e  15 and 20 m e t e r  s a m p le s ,  and i t  
was o f t e n  found  i n  r e l a t i v e l y  l a r g e  numbers  w e l l  b e lo w  t h e  1% 
s u r f a c e  l i g h t  l e v e l .  The o n l y  t im e  i t  was found  h i g h e r  i n  t h e  
w a t e r  co lumn (5 m e t e r s )  was d u r i n g  F e b r u a r y  u n d e r  t h e  i c e .
Such o b s e r v a t i o n s  im ply  t h a t  low l i g h t  a n d / o r  low t e m p e r a t u r e  
a r e  c r i t i c a l  i n  d e t e r m i n i n g  i t s  d i s t r i b u t i o n .  S t a u r a s t r u m  
p in g u e  a l s o  a p p e a r e d  t o  r e a c h  maximum numbers  a t  g r e a t e r  d e p t h s  
t h a n  m ost  g r e e n  a l g a e .  A l th o u g h  i t  was foun d  n e a r  t h e  s u r f a c e ,  
i t s  maximum p o p u l a t i o n  d e n s i t i e s  u s u a l l y  o c c u r r e d  a t  10 m e t e r s .
D u r in g  t im e s  o f  p e a k  numbers  t h e  members o f  t h e  
B a c i l l a r i o p h y c e a e  showed a maximum numbers  o f  c e l l s  a t  5 and 
10 m e t e r s .  When t h e y  b e g an  t o  d e c l i n e  t h e y  s l o w l y  s a n k .  A
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s t r i k i n g  exam ple  o f  t h i s  was M e l o s i r a  i t a l i c a . D u r in g  
S e p te m b e r ,  1966 i t  was p r e s e n t  i n  s u b s t a n t i a l  q u a n t i t i e s  and  
a t  lo w e r  d e p t h s  (15 and 20 m e t e r s ) .  The a l g a  was e v e n l y  
d i s t r i b u t e d  t h r o u g h o u t  t h e  w a t e r  column a f t e r  t h e  f a l l  o v e r ­
t u r n ;  i t  was a l s o  a t  t h i s  p o i n t  t h a t  p e a k  numbers  w e re  r e a c h e d .  
The p o p u l a t i o n  beg an  t o  s i n k  a f t e r  t h e  i c e  c o v e r  had  formed 
and by  March 2 0 ,  i t  was c o n f i n e d  a g a i n  t o  15 and 20 m e t e r s .
W i th  t h e  o n s e t  o f  t h e  s p r i n g  o v e r t u r n  t h e  a l g a  a g a i n  a p p e a r e d  
i n  l a r g e  numbers  t h r o u g h o u t  t h e  w a t e r  co lum n ,  and  i t  was a t  
t h i s  t im e  t h a t  t h e  maximum d e n s i t i e s  w ere  r e a c h e d .  The p o p u ­
l a t i o n  s t e a d i l y  s e t t l e d  o u t  o f  t h e  p h o t i c  zone d u r i n g  t h e  
s p r i n g  and summer. I t  was d i f f i c u l t  t o  a c c e s s  w h e t h e r  o t h e r  
d i a to m s  showed t h i s  t y p e  o f  movement.
Members o f  t h e  C r y p to p h y c e a e  o c c u r r e d  m a i n l y  i n  t h e  
s u r f a c e  w a t e r s .  The l a r g e s t  p o r t i o n s  o f  t h e i r  s t a n d i n g  c r o p  
u s u a l l y  o c c u r r e d  above 5 m e t e r s .  However,  d u r i n g  t h e  s p r i n g  
and f a l l  o v e r t u r n s  t h e y  t e n d e d  t o  become more u n i f o r m l y  
d i s t r i b u t e d .
I t  was d i f f i c u l t  t o  d i s t i n g u i s h  any  d i s t r i b u t i o n a l  
p a t t e r n  f o r  members o f  t h e  C h ry so p h y c ea e  and  D ino ph y ceae  
s i n c e  t h e i r  s t a n d i n g  c r o p  was v e r y  low and t h e y  w ere  v e r y  
s p o r a d i c  i n  o c c u r r e n c e .  D u r in g  p e a k  p o p u l a t i o n s ,  S y n u ra  u v e l l a  
t e n d e d  t o  r e a c h  maximum numbers  a t  5 and  10 m e t e r s .
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O c c u r r e n c e  o f  R e p r o d u c t i v e  S p o re s  
T a b l e  4 sum m arizes  t h e  r e p r o d u c t i v e  p e r i o d i c i t y  o f  s i x  
s p e c i e s  o f  p h y t o p l a n k t o n  a t  W innisquam Lake .  A k i n e t e s  were  
a l m o s t  a lw ay s  fo un d  d u r i n g  th e  summer on Anabaena  f l o s - aqu ae  
Anabaena S c h e r e m e t i e v i , and  G l o e o t r i c h i a  e c h i n u l a t a . No 
c o r r e l a t i o n  was e v i d e n t  b e tw e e n  a k i n e t e  f o r m a t i o n  and  e n v i r o n ­
m e n t a l  f a c t o r s .  A k i n e t e s  were  fo un d  on Aphanizomenon f l o s - 
a q u a e  from S e p tem b er  t h r o u g h  November,  1967.  The a k i n e t e s  
f i r s t  a p p e a r e d  when t h e  s t a n d i n g  c r o p  o f  t h i s  a l g a  had r e a c h e d  
i t s  h i g h e s t  l e v e l  d u r i n g  t h e  s t u d y .  D in o b ry o n  c y l i n d r i c u m  
formed s t a t o s p o r e s  i n  A p r i l ,  May and e a r l y  J u n e  o f  1967.  These  
d a t e s  were  somewhat e a r l i e r  t h a n  t h o s e  r e c o r d e d  f o r  t h i s  
s p e c i e s  a t  Newfound L a k e .  However, a s  a t  Newfound L ak e ,  t h e  
s t a t o s p o r e s  were  p ro d u c e d  d u r i n g  t h e  p e a k  o f  t h e  s t a n d i n g  
c r o p .  The n u t r i e n t  l e v e l s  were  a l s o  d e c r e a s i n g ,  b u t  t h e y  
w ere  n o t  a s  low a s  t h o s e  r e c o r d e d  a t  Newfound Lake.  T h e re  
was a n o t h e r  p eak  o f  D in o b ry o n  c y l i n d r i c u m  a t  W innisquam Lake 
d u r i n g  J u n e  and J u l y ,  1966 ,  b u t  t h e r e  was no f o r m a t i o n  o f  
s t a t o s p o r e s .  A u xo sp o res  were  fo u nd  on M e l o s i r a  i t a l i c a  d u r i n g  
t h e  peak  o f  th e  s t a n d i n g  c ro p  ( A r p i l  2 9 ,  1 9 6 7 ) ,  and t h e y  w ere  
p r e s e n t  u n t i l  e a r l y  J u n e  when many o f  t h e  s p o r e s  w e re  g e r m i n a t ­
i n g .  A uxospore  f o r m a t i o n  o c c u r r e d  o n l y  on t h e  s m a l l e s t  f i l a ­
m e n t s ,  i . e .  t h o s e  r a n g i n g  from 3 . 2  t o  5 . 6  m ic ro n s  i n  d i a m e t e r .
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C a l c u l a t i o n  o f  P h y t o p l a n k t o n  Q u o t i e n t s  
The p h y t o p l a n k t o n  q u o t i e n t s  p r o p o s e d  by  Thunmark (1945)  
and N ygaard  (1949)  were  a l s o  a p p l i e d  t o  W innisquam Lake .  A 
summary o f  t h e  v a l u e s  and  t h e  p r o p o s e d  t r o p h i c  s t a t u s  i s  g i v e n  
i n  T a b le  9 .  The Myxophycean and  E u g l e n i n e  i n d i c e s  c l a s s i f i e d  
t h e  l a k e  a s  o l i g o t r o p h i c .  However,  t h e  C h lo r o p h y c e a n ,  Compound, 
and D ia tom  i n d i c e s  p l a c e d  i t  a s  a m e s o t r o p h i c  o r  e u t r o p h i c  
l a k e .  The in d e x  v a l u e s  w ere  q u i t e  v a r i a b l e  and  depended  on 
t h e  a l g a l  g ro u p s  employed and t h e  t im e  o f  y e a r  th e  d a t a  w ere  
o b t a i n e d .
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DISCUSSION
The d i f f e r e n c e s  i n  t h e  t o t a l  s t a n d i n g  c ro p  a t  t h e  two 
l a k e s  c a n  be  c o r r e l a t e d  w i t h  t h e i r  d i f f e r e n c e s  i n  n u t r i e n t  
c o n c e n t r a t i o n s .  P h o s p h a t e  a p p e a r s  t o  be  t h e  most  i m p o r t a n t  
l i m i t i n g  f a c t o r  f o r  a l g a l  g ro w th  a t  Newfound Lake .  H u t c h in s o n  
(1967)  s t a t e d  t h a t  p h o s p h a t e  i s  t h e  l i m i t i n g  f a c t o r  i n  many 
u n p r o d u c t i v e  l a k e s .  The p r im a r y  f a c t o r s  l i m i t i n g  g ro w th  a t  
W innisquam  Lake a r e  p r o b a b l y  l i g h t ,  t e m p e r a t u r e ,  and p o s s i b l y  
e x t r a c e l l u l a r  s u b s t a n c e s ;  n u t r i e n t s  a r e  u s u a l l y  n o t  l i m i t i n g .  
A c c o r d i n g  t o  Lund ( 1 9 6 5 ) ,  t h e  p h o s p h a t e  c o n c e n t r a t i o n  i s  
a r t i f i c i a l l y  e n r i c h e d  l a k e s  i s  so  h i g h ,  t h a t  i t  may p l a y  a 
l e s s e r  r o l e  i n  c o n t r o l l i n g  p h y t o p l a n k t o n  p o p u l a t i o n s .  S teeman 
N i e l s e n  (1955)  has p r o p o s e d  t h a t  i f  a l a k e  i s  v e r y  r i c h  i n  
n u t r i e n t ,  l i g h t  may be t h e  main  l i m i t i n g  f a c t o r ,  e s p e c i a l l y  i n  
t h e  f a l l .  I n  New H am psh ire  l a k e s ,  t e m p e r a t u r e  a p p e a r s  t o  
c o n t r o l  t h e  i n i t i a t i o n  and c e s s a t i o n  o f  g ro w th  o f  c e r t a i n  
a l g a l  p o p u l a t i o n s .
The t o t a l  s t a n d i n g  c ro p  a t  Newfound Lake r e a c h e d  
h i g h e r  l e v e l s  d u r i n g  t h e  summer o f  1966 t h a n  i n  1967. The 
h i g h e r  s t a n d i n g  c r o p  was c o r r e l a t e d  w i t h  s l i g h t l y  h i g h e r  
l e v e l s  o f  p h o s p h a t e  i n  t h e  s u r f a c e  w a t e r s  d u r i n g  1966.  I n  
c o n t r a s t ,  t h e  s t a n d i n g  c r o p  a t  W innisquam Lake was h i g h e r  
d u r i n g  t h e  summer and f a l l  o f  1967 t h a n  i n  1966.  The h i g h e r
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s t a n d i n g  c r o p  was c o r r e l a t e d  w i t h  i n c r e a s e d  n i t r a t e  and p h o s ­
p h a t e  c o n c e n t r a t i o n s .  A p p a r e n t l y  t h e  n u t r i e n t s  were  l i b e r a t e d  
by many o f  t h e  a l g a e  a f t e r  t h e  l a k e  had b e e n  t r e a t e d  w i t h  
c o p p e r  s u l f a t e .
A l a r g e  s t a n d i n g  c r o p  ( m a i n ly  d i a t o m s )  was d e v e lo p e d  
d u r i n g  t h e  s p r i n g  a t  Winnisquam L ak e ;  t h i s  i s  t y p i c a l  o f  
t e m p e r a t e  l a k e s .  H igh c o n c e n t r a t i o n s  o f  n u t r i e n t s  were  p r e s e n t  
d u r i n g  t h e  w i n t e r ,  and a f t e r  t h e  l i g h t  i n c r e a s e d ,  t h e  a l g a l  
p o p u l a t i o n s  i n c r e a s e d  r a p i d l y .  The maximum s t a n d i n g  c r o p  
(m a in ly  C h ry so p h y c ea e )  a t  Newfound Lake d i d  n o t  o c c u r  d u r i n g  
t h e  s p r i n g ,  b u t  d e v e l o p e d  d u r i n g  e a r l y  summer. T h ere  was a 
d e f i n i t e  u p t a k e  o f  p h o s p h a t e  and  n i t r a t e  by t h e  p h y t o p l a n k t o n  
d u r i n g  t h e  w i n t e r  and  s p r i n g .  However,  a  l o n g  l a g  p e r i o d  
t h e n  o c c u r r e d  u n t i l  t h e  p r o p e r  l i g h t  a n d / o r  t e m p e r a t u r e  
r e q u i r e m e n t s  w ere  r e a c h e d  f o r  t h e s e  o r g a n i s m s .  These  d i f f e r ­
in g  maxima may, p e r h a p s ,  be  e x p l a i n e d  i n  t e rm s  o f  d i f f e r i n g  
s p e c i e s  c o m p o s i t i o n s  a t  t h e  two l a k e s .
The v e r t i c a l  d i s t r i b u t i o n  o f  t h e  s t a n d i n g  c r o p  was 
c h i e f l y  a f u n c t i o n  o f  l i g h t  p e n e t r a t i o n  and t h e  t y p e s  o f  a l g a l  
p o p u l a t i o n s  p r e s e n t .  S i n c e  t h e  s t a n d i n g  c r o p  a t  W innisquam 
Lake was l a r g e  and  p r i m a r i l y  composed o f  b l u e - g r e e n  a l g a e ,  t h e  
l i g h t  p e n e t r a t i o n  was r e d u c e d .  T h u s ,  t h e  l a r g e s t  p e r c e n t a g e  
o f  o r g a n i s m s  o c c u r r e d  i n  t h e  u p p e r  f i v e  m e t e r s .  T h e re  a l s o  
a p p e a r e d  t o  be  l i t t l e  l i g h t  i n h i b i t i o n  o f  a l g a l  g ro w th  a t  t h e  
l a k e  s u r f a c e .  At Newfound L ake ,  l i g h t  i n h i b i t i o n  a p p e a r e d  t o
39
o c c u r  n e a r  t h e  s u r f a c e ,  s i n c e  v e r y  low c e l l  numbers  were  
r e c o r d e d  f rom  t h e  one m e t e r  s a m p l e s . The t r a n s p a r e n c y  a t  
t h i s  l a k e  was much g r e a t e r  and a  l a r g e  p e r c e n t a g e  o f  o r g a n i s m s  
o c c u r r e d  lo w e r  i n  t h e  w a t e r  co lum n.  S u p p r e s s i o n  o f  th e  
a c t i v e l y  g row ing  zone c o u l d  have  had an a f f e c t  on t h e  d e v e l o p ­
ment  o f  t h e  s t a n d i n g  c r o p ,  s i n c e  many o f  t h e  a l g a e  had t o  grow 
a t  low e r  t e m p e r a t u r e s .
P e a r s a l l  (1932)  o b s e r v e d  t h a t  d i a t o m  p o p u l a t i o n s  i n  
E n g l i s h  Lakes  w ere  l i m i t e d  by s i l i c o n  c o n c e n t r a t i o n s  be low  
.500  m g/1 .  I n  c o n t r a s t ,  t h e  s i l i c o n  c o n c e n t r a t i o n s  a t  
W innisquam  Lake w ere  se ldom  more t h a n  .500  m g/1 ,  b u t  d i a t o m  
p o p u l a t i o n s  w ere  e x t e n s i v e  and i n c r e a s e d  e v en  when t h e  s i l i c o n  
l e v e l s  w ere  b e lo w  .100 m g/1 .  Lund (1 9 4 9 ,  1950) found  t h a t  i f  
o t h e r  n u t r i e n t s  w ere  n o t  l i m i t i n g ,  d i a t o m  p o p u l a t i o n s  would 
c o n t i n u e  t o  i n c r e a s e .  Such may be  t h e  c a s e  a t  W innisquam  Lake 
w here  p h o s p h a t e  and n i t r a t e  l e v e l s  were  v e r y  h i g h .  J o r g e n s e n  
(1957)  found  t h a t  t h e  low er ,  l i m i t s  f o r  d i a t o m  g ro w th  were  
b e tw e e n  .03 - .04  mg/1 s i l i c o n ;  t h e s e  a r e  s i m i l a r  t o  t h e  lo w e r  
l i m i t s  o b s e r v e d  a t  W innisquam L ake .  The s i l i c o n  c o n c e n t r a t i o n s  
a t  Newfound Lake w ere  v e r y  h i g h ,  and  e x c e p t  f o r  b r i e f  p e r i o d s  
d u r i n g  t h e  w i n t e r ,  t h e y  w ere  a lw ay s  w e l l  above  .500  mg/1.  
However ,  l a r g e  d i a t o m  p o p u l a t i o n s  w ere  n e v e r  r e c o r d e d  and t h i s  
was p r o b a b l y  due t o  t h e  low p h o s p h a t e  c o n c e n t r a t i o n s .
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S p e c i f i c  d i a t o m  p o p u l a t i o n s  had d i f f e r e n t  f a c t o r s  
c o n t r o l l i n g  t h e i r  g r o w th .  Peak s  o f  A s t e r i o n e l l a  fo rm osa  
o c c u r r e d  a t  W innisquam Lake s h o r t l y  a f t e r  maximum n i t r a t e  and 
s i l i c o n  c o n c e n t r a t i o n s .  However, t h e  p h o s p h a t e  c o n c e n t r a t i o n s  
p r e c e e d i n g  t h e  p o p u l a t i o n  p e a k s  w ere  g e n e r a l l y  low.  A p o s s i b l e  
e x p l a n a t i o n  has  b e e n  p r e s e n t e d  by  M a c k e r e th  ( 1 9 5 3 ) .  He found  
i n  c u l t u r e  t h a t  t h e r e  was a  r a p i d  u p t a k e  o f  p h o s p h a t e  by 
A s t e r i o n e l l a  fo rm o sa  b e f o r e  any a p p r e c i a b l e  g ro w th  i n  th e  
p o p u l a t i o n  was d e t e c t e d .  A t  Newfound L ak e ,  t h i s  same a l g a  
showed a s i m i l a r  p a t t e r n .  D e c r e a s e s  i n  p o p u l a t i o n s  a t  b o t h  
l a k e s  w ere  a s s o c i a t e d  w i t h  d e c r e a s e s  i n  n u t r i e n t s .  I n  a d d i ­
t i o n ,  p a r a s i t i s m  by  c h y t r i d  f u n g i ,  a s  s u g g e s t e d  by  C a n t e r  and 
Lund ( 1 9 4 8 ) ,  p o s s i b l y  c o n t r i b u t e d  t o  t h e  d e c r e a s e s  i n  t h e  
p o p u l a t i o n s .
Maxima o f  T a b e l l a r i a  f e n e s t r a t a  w ere  u s u a l l y  r e a c h e d  
l a t e r  i n  t h e  s p r i n g  and e a r l i e r  i n  t h e  f a l l  t h a n  m o s t  o f  t h e  
o t h e r  d i a t o m s .  The p o p u l a t i o n s  a t  b o t h  l a k e s  i n i t i a t e d  g r o w th  
when t h e  p h o s p h a t e  and n i t r a t e  c o n c e n t r a t i o n s  w e re  low. I n  
t h e  two New H am psh ire  l a k e s ,  i t  a p p e a r s  t h a t  T a b e l l a r i a  
f e n e s t r a t a  had a  p r e f e r e n c e  f o r  lo w e r  n u t r i e n t  c o n c e n t r a t i o n s  
t h a n  o t h e r  d i a t o m s .
A n o th e r  f a c t o r  t h a t  c o n t r i b u t e d  t o  t h e  s e a s o n a l  d i a t o m  
f l u c t u a t i o n s  was t h e  s i n k i n g  phenomenon s t u d i e d  e x t e n s i v e l y  
by  Lund (1 9 5 4 ,  1 9 5 5 ) .  He found  t h a t  M e l o s i r a  i t a l i c a  s u b s p .
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s u b a r t i c a  was b r o u g h t  t o  t h e  s u r f a c e  d u r i n g  t h e  s p r i n g  and 
f a l l  o v e r t u r n s ,  r e a c h e d  p e ak  d e v e lo p m e n t ,  and t h e n  q u i c k l y  
s a n k  o u t  o f  t h e  p h o t i c  zone when l e s s  t u r b u l e n t  c o n d i t i o n s  
o c c u r r e d .  M e l o s i r a  i t a l i c a  a t  W innisquam  Lake and M e l o s i r a  
i s l a n d i c a  a t  Newfound Lake a l s o  f o l l o w e d  t h i s  ty p e  o f  p a t t e r n .  
F r a g i l a r i a  c r o t o n e n s i s  d i d  n o t  show t h e  same d e v e lo p m e n t ,  
s i n c e  l a r g e  numbers  o c c u r r e d  d u r i n g  t h e  summer s t r a t i f i c a t i o n  
p e r i o d .
Lund (1965)  s t a t e d  t h a t  l a k e s  w i t h  low p h o sp h o ru s  
c o n t e n t  s h o u l d  have a l a r g e  C h ry s o p h y te  p o p u l a t i o n .  At 
Newfound L ak e ,  D in o b ry o n  c y l i n d r i c u m , D . b a v a r i c u m , D . 
v a n h o e f f e n i i , C h r y s o s p h a e r e l l a  l o n g i s p i n a , and U r o g l e n o p s i s  
a m e r i c a n a  b e g a n  d e v e lo p m e n t  i n  e a r l y  summer, when t h e  p h o s ­
p h a t e  c o n c e n t r a t i o n s  were  low.  At W innisquam  L a k e ,  Synura  
u v e l l a  i n c r e a s e d  when t h e  p h o s p h a t e  and  n i t r a t e  c o n c e n t r a t i o n s  
w ere  low ,  w h i l e  D in o b ry o n  c y l i n d r i c u m  d i d  n o t  i n c r e a s e  s u b ­
s t a n t i a l l y  u n t i l  a f t e r  t h e  v e r n a l  maximum. H u t c h in s o n  (1944)  
found  s i m i l a r  r e s u l t s  f o r  D in o b ry o n  d i v e r g e n s  i n  L in s e y  Pond ,  
C o n n e c t i c u t .  He and o t h e r  works  (B a m f o r th ,  1958; Rodhe,  1948; 
and  Lund ,  1965) have  shown t h a t  t h e  i n c r e a s e  i n  C h ry so p h y c ea e  
s t a n d i n g  c r o p  was a s s o c i a t e d  w i t h  low p h o s p h a t e  c o n c e n t r a t i o n s .
The Cyanophyceae  p o p u l a t i o n s  a t  t h e  two l a k e s  w ere  
f l o r i s t i c a l l y  d i s t i n c t .  Members o f  t h e  C h r o o c o c c a l e s  were  
a b u n d a n t  a t  Newfound Lake and r e a c h e d  p e a k  numbers  d u r i n g
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t h e  summer. They i n i t i a t e d  g ro w th  when t h e  s u r f a c e  t e m p e r a ­
t u r e s  i n c r e a s e d  and  t h e i r  maximum s t a n d i n g  c r o p  was r e c o r d e d  
when t h e  t e m p e r a t u r e s  w e re  be tw ee n  2 0 .0  and 2 5 . 0  C. No 
a p p a r e n t  c o r r e l a t i o n s  w e re  n o t e d  b e tw e e n  n u t r i e n t  c o n c e n t r a ­
t i o n s  and t h e  i n i t i a t i o n  o f  p e ak  n um bers .  The Cyanophyceae  
p o p u l a t i o n s  a t  W innisquam  Lake a l s o  r e a c h e d  maximum numbers 
i n  t h e  summer, a l t h o u g h  O s c i l l a t o r i a  l i m n e t i c a  i n c r e a s e d  
g r e a t l y  u n d e r  t h e  i c e .  A number o f  w o r k e r s ,  i n c l u d i n g  E b e r l y  
(1967)  have found  l a r g e  q u a n t i t i e s  o f  O s c i l l a t o r i a  s p p .  a t  
low l i g h t  i n t e n s i t i e s  and  t e m p e r a t u r e s .  The l a r g e r  s t a n d i n g  
c ro p  o f  O s c i l l a t o r i a  l i m n e t i c a  i n  A p r i l ,  O c t o b e r ,  and  
November i n d i c a t e s  t h a t  optimum g ro w th  c o n d i t i o n s  a r e  n o t  
r e s t r i c t e d  t o  t h e  w i n t e r  m o n th s .
Hammer (1964)  s t u d i e d  l a k e s  i n  S a s k a t c h e w a n ,  Canada 
and found  t h a t  b looms o f  Anabaena f l o s - a q u a e  u s u a l l y  a p p e a r e d  
one o r  two weeks a f t e r  p h o s p h a t e  peaks  and when t h e  w a t e r  
t e m p e r a t u r e s  were  b e tw ee n  1 5 .0  and  2 0 .0  C. S i m i l a r  r e s u l t s  
w ere  r e c o r d e d  a t  W innisquam  L ak e ,  e x c e p t  t h a t  t e m p e r a t u r e s  
were  h i g h e r  ( 2 2 . 0  -  2 5 .0  C) and t h e  blooms o c c u r r e d  l a t e r  i n  
t h e  s e a s o n .  Hammer (1964)  a l s o  found t h a t  b looms o f  A p h a n i - 
zomenon f l o s - a q u a e  d e v e l o p e d  a f t e r  t h e  A nabaena  f l o s - aquae  
b loom s .  Aphanizomenon was r a r e l y  p r e s e n t  u n t i l  t h e  t e m p e r a ­
t u r e s  r e a c h e d  2 0 . 0  C and most  b looms a p p e a r e d  a t  t e m p e r a t u r e s  
o f  2 2 .5  - 2 6 .5  C. The a l g a  a p p e a r e d  a l s o  t o  be i n f l u e n c e d
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d i r e c t l y  by  t h e  p h o s p h a t e  c o n c e n t r a t i o n s .  D u r in g  t h e  f a l l  o f  
1966 ,  Aphanizomenon f l o s - aqu ae  i n i t i a t e d  i t s  g ro w th  a t  
W innisquam  Lake a p p r o x i m a t e l y  two weeks a f t e r  h i g h  p h o s p h a t e  
c o n c e n t r a t i o n s  w e re  r e c o r d e d .  The s u r f a c e  w a t e r  t e m p e r a t u r e s  
r a n g e d  b e tw ee n  1 2 .0  and 2 1 . 0  C. The p o p u l a t i o n  d e c l i n e  was 
c o r r e l a t e d  w i t h  a  d e c r e a s e  i n  t e m p e r a t u r e .  The a l g a  was 
p r e s e n t  t h r o u g h o u t  t h e  w i n t e r  and  b e g an  t o  i n c r e a s e  a g a i n  
d u r i n g  t h e  e a r l y  s p r i n g .  However ,  s u b s t a n t i a l  num bers  were  
n o t  r e c o r d e d  u n t i l  t h e  s u r f a c e  w a t e r  t e m p e r a t u r e s  had r e a c h e d  
2 0 .0  C. P eak  numbers w ere  r e c o r d e d  when t h e  t e m p e r a t u r e s  
r a n g e d  b e tw e e n  2 1 . 0  and 2 2 . 0  C. The i n i t i a l  g ro w th  was a g a i n  
a s s o c i a t e d  w i t h  h i g h  c o n c e n t r a t i o n s  o f  p h o s p h a t e .
Aphanizomenon f l o s - aqu ae  d e c r e a s e d  s l i g h t l y  a f t e r  t h e  
l a k e  was t r e a t e d  w i t h  c o p p e r  s u l p h a t e  and  t h e n  i t  i n c r e a s e d  
t o  v e r y  h i g h  n um bers .  Copper  s u l p h a t e  t r e a t m e n t  k i l l e d  most  
o f  t h e  Anabaena  f l o s - aq u ae  p o p u l a t i o n  and c e r t a i n  o f  t h e  
g r e e n  a l g a l  p o p u l a t i o n s .  As a r e s u l t ,  l a r g e  amounts  o f  
n u t r i e n t s  w ere  r e l e a s e d  i n t o  t h e  s u r f a c e  w a t e r s .  A v e r y  l a r g e  
p e ak  o f  Aphanizomenon f l o s - aq u ae  o c c u r r e d  a f t e r  f i v e  t o  s i x  
weeks and  few o t h e r  a l g a e  w ere  p r e s e n t .  The low s t a n d i n g  
c r o p  o f  o t h e r  o rg a n i s m s  c o u l d  have  b e e n  due  t o  t h e  s h a d i n g  
e f f e c t  o f  t h e  l a r g e  b l u e - g r e e n  a l g a l  p o p u l a t i o n .  However,  
more p r o b a b l y  i t  was due  t o  a n  a n t a g o n i s t i c  s u b s t a n c e  r e l e a s e d  
by  A phan izom enon . The a b u n dan ce  o f  Aphanizomenon a p p e a r e d  t o
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r e s t r i c t  t h e  o c c u r r e n c e  o f  a  d i a t o m  p u l s e  i n  th e  f a l l  o f  1967. 
L e f e v r e  (1964)  has  r e v i e w e d  t h e  s u b j e c t  o f  e x t r a c e l l u l a r  
p r o d u c t s  o f  a l g a e  and he has  s t a t e d  t h a t  Aphanizomenon f l o s - 
aq u ae  r e l e a s e s  s u b s t a n c e s  w h ich  i n h i b i t  t h e  g ro w th  o f  o t h e r  
a l g a e .  S h o r t l y  a f t e r  Aphanizomenon b eg an  t o  d e c r e a s e  a t  
W innisquam L ake ,  o t h e r  a l g a e  a g a i n  b e g an  t o  i n c r e a s e .
The C h lo ro p h y c e a e  were  more a b u n d a n t  a t  W innisquam 
Lake t h a n  a t  Newfound L ake .  Peaks  o f  A n k i s t r o d e s m u s  f a l c a t u s  
v a r .  m i r a b i l i s , D i s t y o s p h a e r i u m  p u l c h e l l u m , and E u d o r in a  
e l e g a n s  o c c u r r e d  s h o r t l y  a f t e r  h ig h  p h o s p h a t e  and  n i t r a t e  
c o n c e n t r a t i o n s  w ere  r e c o r d e d .  The v e r y  l a r g e  p o p u l a t i o n s  o f  
P i c t y o s p h a e r i u m  p u l c h e l l u m  o c c u r r e d  i m m e d ia te ly  a f t e r  t h e  
c o p p e r  s u l p h a t e  t r e a t m e n t .  The h i g h e s t  n i t r a t e  c o n c e n t r a t i o n s  
w ere  r e c o r d e d  d u r i n g  t h e  w i n t e r  a t  Winnisquam Lake .  As th e  
i c e  d i s a p p e a r e d  and l i g h t  i n t e n s i t y  i n c r e a s e d ,  A n k i s t r o d e s m u s  
f a l c a t u s  v a r .  m i r a b i l i s  r e a c h e d  i t s  maximum s t a n d i n g  c r o p .
L ackey  (1 9 3 8 ,  1941) found  t h a t  Cryptomonas o v a t a , 
Cryptomonas e r o s a , and Rhodomonas l a c u s t r i s  were  i n h i b i t e d  by 
h i g h  c o n c e n t r a t i o n s  o f  sew age .  A l l  t h r e e  s p e c i e s  w ere  found  
i n  s u b s t a n t i a l  q u a n t i t i e s  a t  b o t h  l a k e s .  The i n i t i a t i o n  o f  
t h e i r  peak s  c o u ld  n o t  be  c o r r e l a t e d  w i t h  low n u t r i e n t  l e v e l s .  
D u r in g  t h e  summer, Cryptomonas o v a t a  and  Rhodomonas l a c u s t r i s  
d e v e l o p e d  p e ak  numbers when t h e  p h o s p h a t e  l e v e l s  w ere  low; b u t  
i n  t h e  s p r i n g  and f a l l ,  t h e  i n i t i a t i o n  o f  p u l s e s  w ere  a s s o c i a t -
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ed w i t h  h i g h  n u t r i e n t s .  I t  i s  n o t  p o s s i b l e  t o  make e x a c t  
c o m p a r i s o n s  w i t h  t h o s e  o f  L a c k e y ,  s i n c e  he d i d  n o t  i n c l u d e  
q u a n t i t a t i v e  n u t r i e n t  d a t a .
The s p e c i e s  c o m p o s i t i o n  o f  t h e  two l a k e s  was q u i t e  
d i f f e r e n t  and i t  i s  p resum ed t o  be d e p e n d a n t  upon t h e  t r o p h i c  
l e v e l s  o f  t h e  l a k e s .  S e v e n t y - t h r e e  s p e c i e s  were  found  
e x c l u s i v e l y  a t  W innisquam  L ake .  Of t h e s e ,  t h e  d o m in a n t  s p e c i e s  
w ere  Aphanizomenon f l o s - a q u a e , G l e o e t r i c h i a  e c h i n u l a t a , 
O s c i l l a t o r i a  l i m n e t i c a , A n k i s t r o d e s m u s  f a l c a t u s  v a r .  m i r a b i l i s , 
E u d o r in a  e l e g a n s , G l o e o c y s t i s  v e s i c u l o s a , Scenedesmus s p p . , 
S c h r o e d e r i a  j u d a y i , S t a u r a s t r u m  p i n g u e , S t a u r a s t r u m  j o h n s o n i i , 
and  M e l o s i r a  i t a l i c a . F o r t y - t w o  s p e c i e s  w ere  found  e x c l u s i v e l y  
a t  Newfound L ake ,  o f  w h ich  t h e  d o m in a n t s  w e re  A p h a n o th ec e  
c l a t h r a t a , G l o e o th e c e  l i n e a r i s , M e r i sm o p e d ia  p u n c t a t a , M e r i s -  
m opedia  t e n u i s s i m a , Cosmarium b i o c u l a t u m , S t a u r a s t r u m  p e n t a c e - 
rum, S ta u ro d e s m u s  b u l n h e i m i i , S ta u ro d e s m u s  c u s p i d a t u s  v a r .  
c u r v a t u s ,  D in o b ry o n  v a n h o e f f e n i i , Mallomonas t o n s u r a t a  v a r .  
a l p i n a , C y c l o t e l l a  b o d a n i c a , M e l o s i r a  i s l a n d i c a , P e r i d i n i u m  
i n c o n s p i c t u r n , and  P e r i d i n i u m  w i l l e i . O ne -h u n d red  and  t h i r t y -  
t h r e e  s p e c i e s  w ere  common t o  b o t h  l a k e s .  Of t h e s e ,  Anabaena  
f l o s - a q u a e  and P i c t y o s p h a e r i u m  p u l c h e l l u m  a r e  g e n e r a l l y  
c o n s i d e r e d  t o  be  e u t r o p h i c  s p e c i e s ,  b u t  t h e y  w ere  a l s o  found  
i n  v e r y  s m a l l  q u a n t i t i e s  a t  Newfound L ak e .  The f o l l o w i n g  
s p e c i e s  were  a b u n d a n t  a t  Newfound L ak e ,  b u t  were  found  i n
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a b undance  a t  W innisquam  Lake o n l y  d u r i n g  p e r i o d s  o f  low
n u t r i e n t s :  D in o b ry o n  b a v a r i c u m ,  D_^  c y l i n d r i c u m , C h r y s o s p h a e -
r
r e l l a  l o n g i s p i n a , S y n u ra  u v e l l a ,  U r o g l e n o p s i s  a m e r i c a n a , 
G l o e o b o t r y s  l i m n e t i c a , and  R h i z o s o l e n i a  e r i e n s i s .
Two p o i n t s  must  be  c o n s i d e r e d  when i n d i c a t o r  o r g a n i s m s  
a r e  s e l e c t e d .  F i r s t ,  s p e c i e s  w h ic h  a r e  found  e x c l u s i v e l y  i n  
a p a r t i c u l a r  e n v i r o n m e n t  s h o u l d  be  c o n s i d e r e d .  S e c o n d ly ,  
s p e c i e s  t h a t  a r e  d o m in a n t  i n  a p a r t i c u l a r  t r o p h i c  s i t u a t i o n  
s h o u l d  a l s o  be  c o n s i d e r e d  -  even  though  t h e y  a r e  found  i n  
o t h e r  s i t u a t i o n s .  F o r  e x am p le ,  H u t c h i n s o n  (1967)  has  
r e v i e w e d  m ost  o f  t h e  l i t e r a t u r e  on i n d i c a t o r  o r g a n i s m s  and 
has  p o i n t e d  o u t  t h a t  a  number o f  w o r k e r s  have  c o n s i d e r e d  
D in o b ry o n  c y l i n d r i c u m  v a r .  p a l u s t r e  and D in o b ry on  b a v a r i c u m  
v a r .  v a n h o e f f e n i i  (D. v a n h o e f f e n i i  i n  t h i s  s t u d y )  as  o l i g o t r o -  
p h i c  s p e c i e s .  D in o b ry o n  sp p .  c a n  be  c o n s i d e r e d  o l i g o t r o p h i c  
i n d i c a t o r s  i n  New H am psh ire  l a k e s , even  th o u g h  D in o b ry o n  
c y l i n d r i c u m  was found  i n  t h e  e u t r o p h i c  s i t u a t i o n .  More 
d e t a i l e d  i n f o r m a t i o n  a b o u t  o t h e r  New H am psh i re  l a k e s  would be  
r e q u i r e d  t o  v e r i f y  t h e  p o s s i b l e  i n d i c a t o r s  m e n t io n e d  ab o v e ,  
a l t h o u g h  m ost  o f  t h e  o r g a n i s m s  s u g g e s t e d  have a l s o  b e e n  p r o ­
p o se d  by s e v e r a l  E u ro pean  w o r k e r s  (B ro o k ,  1968; J a r n e f e l t ,  
1952;  N y g a a rd ,  1949;  Round and B rook ,  1959;  T e i l i n g ,  1955;  
and Thunmark,  1 9 4 5 ) .  However,  t h e r e  was some d i s a g r e e m e n t  
w i t h  t h e  f i n d i n g s  o f  o t h e r  a u t h o r s .  J a r n e f e l t  (1956)  found
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one e u t r o p h i c  l a k e  i n  F i n l a n d  w h ic h  was d o m in a ted  by  Cosmarium 
b i o c u l a t u m .  I n  New H am pshire  t h e  a l g a  was found  o n l y  i n  t h e  
o l i g o t r o p h i c  l a k e .  Rawson (1956)  c o n s i d e r e d  A s t e r i o n e l l a  
fo rm osa  a s  an o l i g o t r o p h i c  s p e c i e s  i n  S a sk a tch e w an  l a k e s ,  
a l t h o u g h  m ost  E u ro p ea n  w o rk e r s  c o n s i d e r  i t  t o  be a s s o c i a t e d  
w i t h  h i g h e r  t r o p h i c  l e v e l s .  I n  b o t h  New H am pshire  l a k e s  i t  
was r e l a t i v e l y  a b u n d a n t  a t  a l l  t im e s  o f  t h e  y e a r ,  b u t  i t  was 
u s u a l l y  a s s o c i a t e d  w i t h  h i g h  n u t r i e n t  l e v e l s .  Lackey (1941) 
c o n s i d e r e d  Cryptomonas o v a t a  and Rhodomonas l a c u s t r i s  a s  o l i ­
g o t r o p h i c  i n d i c a t o r s  i n  r i v e r s .  However,  t h e s e  o rg a n i s m s  
showed a p r e f e r e n c e  f o r  h i g h e r  n u t r i e n t  l e v e l s  i n  t h e  l a k e s  
s t u d i e d  i n  New H a m p sh i re .  Round and Brook (1959)  found  t h a t  
D i c t y o s p h a e r i u m  p u l c h e l l u m  showed a p r e f e r e n c e  f o r  o l i g o t r o ­
p h i c  l a k e s  i n  I r e l a n d .  I n  New H am psh ire  t h e  a l g a  was most  
a b u n d a n t  i n  t h e  e u t r o p h i c  l a k e .
Rawson (1956)  has  s u g g e s t e d  t h a t  t h e  r a r e r  s p e c i e s  
would be  more i n d i c a t i v e  o f  t r o p h i c  s t a t u s  t h a n  t h e  d o m in a n t  
s p e c i e s .  I f  Rawson1s a s s u m p t io n  i s  c o r r e c t ,  t h e  s p e c i e s  t h a t  
a r e  p r e s e n t  f o r  e x t e n d e d  p e r i o d s  would  p r o b a b l y  be t h e  b e s t  
ones  t o  u s e  a s  i n d i c a t o r s .  T ak in g  t h i s  i n t o  a c c o u n t ,  p o s s i b l e  
r a r e  i n d i c a t o r  o rg a n i s m s  a t  Newfound Lake would  t h e n  be 
D in ob ry o n  c r e n u l a t u m , D. su e c iu m ,  Mallomonas p s e u d o c o r o n a t a , 
D i c e r a s  p h a s e o l u s , and P e r i d i n i u m  w i s c o n s i e n s e , w h i l e  a t
W innisquam Lake t h e y  c o u l d  be  C l o s t e r i o p s i s  l o n g i s s i m a ,
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K i r c h n e r i e l l a  l u n a r i s , K i r c h n e r i e l l a  o b e sa  v a r .  a p e r t a , 
S c h r o e d e r i a  s e t i g e r a , and  Syn u ra  a d a m s i i . However,  t h e  
d e s i g n a t i o n  o f  t h e s e  s p e c i e s  a s  i n d i c a t o r s  i s  h i g h l y  s p e c u l a ­
t i v e ,  and many more l a k e s  would have  t o  be i n v e s t i g a t e d  i n  
o r d e r  t o  o b t a i n  an  a c c u r a t e  a s s e s s m e n t  o f  t h e i r  u s e f u l n e s s .
The p h y t o p l a n k t o n  q u o t i e n t s  p r o p o s e d  by Thunmark 
(1945)  and  Nygaard  ( 1 9 4 9 ) ,  w h ich  g i v e  e q u a l  v a l u e  t o  d om in an t  
and  r a r e  o r g a n i s m s ,  were  a p p l i e d  t o  t h e  New H am psh ire  l a k e s .  
Most o f  t h e  i n d i c e s  c a l c u l a t e d ,  c o r r e c t l y  d e s i g n a t e d  W in n i ­
squam Lake as  e u t r o p h i c .  However, t h e y  gave  a v e r y  po o r  
c h a r a c t e r i z a t i o n  o f  Newfound L ak e .  I t  h a s  b een  shown ( T a b l e s  
5 and 9) t h a t  t h e  s im p le  C h lo ro p h y c e a n  q u o t i e n t  o f  Thunmark 
was t h e  o n l y  one t h a t  a d e q u a t e l y  d e s c r i b e d  t h e  t r o p h i c  s t a t u s  
o f  b o t h  l a k e s .  I t  was r e l i a b l e  b e c a u s e  t h e  C h l o r o c o c c a l e a n  
p o p u l a t i o n s  had many more s p e c i e s  a t  Winnisquam Lake th a n  a t  
Newfound L ake .  The D ia to m  I n d e x  d i d  n o t  g i v e  an a c c u r a t e  
d e t e r m i n a t i o n  o f  t r o p h i c  s t a t u s  b e c a u s e  t h e  s p e c i e s  o f  d i a to m s  
w ere  s i m i l a r  a t  b o t h  l a k e s .  The Myxophycean I n d e x  was n o t  
a c c u r a t e  b e c a u s e  t h e  numbers o f  s p e c i e s  o f  b l u e - g r e e n  a l g a e  
a t  t h e  two l a k e s  was c o m p a r a b l e .  The E u g l e n i n e  I n d e x  was 
n o t  a p p l i c a b l e ,  s i n c e  t h e r e  w ere  v e r y  few members o f  t h i s  
g ro u p  i n  t h e  e u t r o p h i c  l a k e  ( two s p e c i e s  o f  C o la c iu m  and one 
E u g l e n a . ) The Compound In d e x  was a l s o  e r r o n e o u s ,  f o r  many o f  
t h e  above  r e a s o n s .  I n  a d d i t i o n ,  t h e  e m p h a s i s  upon d e sm ids  i n
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t h e  Compound Q u o t i e n t  gave  an  i n a c c u r a t e  d e t e r m i n a t i o n  o f  th e  
t r o p h i c  s t a t u s  o f  Newfound L ake .  N ygaard  assumed t h a t  many 
s p e c i e s  o f  desm id s  were r e s t r i c t e d  t o  o l i g o t r o p h i c  w a t e r s ,  
b u t  i n  New H a m p sh i r e ,  a  l a r g e r  number o f  s p e c i e s  o f  desm ids  
were  found  i n  t h e  e u t r o p h i c  s i t u a t i o n .  H u t c h in s o n  (1967)  has  
s t a t e d  t h a t  " t h e  p r e v a l e n c e  o f  a l a r g e  number o f  desm id s  i s  
p r o b a b l y  d i r e c t l y  d e t e r m i n e d  by low c a l c i u m  r a t h e r  th a n  by  
d e f i c i e n c y  o f  n i t r o g e n  and p h o s p h o r u s " ;  t h i s  m ig h t  e x p l a i n  
t h e  s i m i l a r i t y  i n  t h e  number o f  desm id  s p e c i e s  a t  t h e  two 
l a k e s .  C a lc ium  was p r e s e n t  o n l y  a s  c a l c i u m  b i c a r b o n a t e  i n  
b o t h  l a k e s  e x c e p t  d u r i n g  p e ak  blooms a t  W innisquam.
D a ta  c o l l e c t e d  i n  t h i s  s t u d y  s u g g e s t s  t h a t  s p e c i e s  
c o m p o s i t i o n ,  a b u n d a n c e ,  and  p e r i o d i c i t y  s h o u l d  be  t a k e n  i n t o  
a c c o u n t  when d e t e r m i n i n g  t h e  u s e f u l n e s s  o f  i n d i c a t o r s .  S p e c i e s  
o f  d i a to m s  c o u ld  n o t  be  u s e d  a s  i n d i c a t o r s  i n  t h e  two New 
Ham psh ire  l a k e s  ( w i t h  t h e  p o s s i b l e  e x c e p t i o n  o f  M e l o s i r a  
i t a l i c a  and  i s l a n d i c a ) b e c a u s e  most  o f  t h e  same s p e c i e s  
o c c u r  a t  b o t h  l a k e s .  However,  w i t h  i n f o r m a t i o n  a b o u t  t h e i r  
abundance  and p e r i o d i c i t y ,  some i n d i c a t i o n  o f  t r o p h i c  s t a t u s  
a t  t h e  l a k e s  c an  be  d e t e r m i n e d .  D in o b ry o n  sp p .  and  o t h e r  
s p e c i e s  o f  C h ry so ph y ceae  a p p e a r  t o  be good o l i g o t r o p h i c  
i n d i c a t o r s ,  s i n c e  t h e y  o c c u r r e d  i n  abu n dance  a t  Newfound Lake 
and w ere  r a r e  a t  W innisquam  L ake .  The Cyanophyceae  p o p u l a t i o n s  
were  d i s t i n c t  a t  t h e  two l a k e s  and i n  t h i s  c a s e  c o u l d  be  used
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a s  i n d i c a t o r s .  W innisquam  Lake was d o m in a te d  by f i l a m e n t o u s  
b l u e - g r e e n  a l g a e ,  which  a r e  g e n e r a l l y  c o n s i d e r e d  t o  be  e u t r o ­
p h i c  i n d i c a t o r s .  Even th o u g h  Anabaena f l o s - aqu ae  o c c u r r e d  i n  
s m a l l  q u a n t i t i e s  a t  Newfound L ak e ,  t h i s  s h o u l d  n o t  e l i m i n a t e  
i t  as  a  e u t r o p h i c  i n d i c a t o r .  The b l u e - g r e e n  p o p u l a t i o n  a t  
Newfound Lake was p r i m a r i l y  composed o f  members o f  t h e  
C h r o o c o c c a l e s . C e r t a i n  members o f  t h e  C h r o o c p c c a l e s  m ig h t  
be u sed  a s  o l i g o t r o p h i c  i n d i c a t o r s ,  b u t  more work m ust  be 
done t o  d e t e r m i n e  t h e i r  t r o p h i c  r e q u i r e m e n t s .  The C h l o r o c o c c a -  
l e s  a s  a  w h o le ,  a p p e a r  t o  be  good i n d i c a t o r s  o f  e u t r o p h i c  
s i t u a t i o n s ,  b e c a u s e  a l a r g e  number o f  s p e c i e s  o c c u r r e d  a t  
W innisquam Lake w h i l e  v e r y  few s p e c i e s  w ere  found  a t  Newfound 
Lake .  The p r e s e n t  s t u d y  c o n c l u d e s  t h a t  members o f  t h e  
C ry p to p h y c e a e  c an  n o t  be  u s e d  s a t i s f a c t o r i l y  a s  i n d i c a t o r s .
A l th o u g h  i t  i s  d i f f i c u l t  t o  draw d e f i n i t e  c o n c l u s i o n s  
from a s t u d y  o f  two l a k e s ,  t h e  d e t a i l e d  n u t r i e n t  and  p h y t o ­
p l a n k t o n  d a t a  has  l e d  t o  t h e  f o l l o w i n g  s u g g e s t i o n s .  I t  i s  
f e l t  t h a t  Nygaard  d e f i n i t e l y  improved  t h e  q u o t i e n t  c o n c e p t  by 
d e v e l o p i n g  t h e  Compound Q u o t i e n t .  However,  a s  H u t c h i n s o n  (1957)  
and Rawson (1956)  have  s u g g e s t e d ,  i t  i s  u n f o r t u n a t e  t h a t  he 
b a s e d  t h e  e n t i r e  d e n o m in a to r  on one g ro up  o f  o rg a n i s m s  ( d e s m i d s ) . 
I f  o t h e r  g ro u p s  c o u l d  be  added  t o  t h e  d e n o m i n a t o r ,  t h e  i n d e x  
would p r o b a b l y  become more r e l i a b l e  f o r  New H am pshire  l a k e s .
I n  p a r t i c u l a r ,  t h e  number o f  s p e c i e s  o f  C h ry so p h y c e a e  c o u ld
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be a d d e d .  A l s o ,  t h e  s e p a r a t i o n  o f  t h e  C e n t r a l e s  i n t o  i t s  
e u t r o p h i c  ( S t e p h a n o d i s c u s , M e l o s i r a , e t c . )  and o l i g o t r o p h i c  
( C y c l o t e l l a , e t c . )  components  may be a d v a n t a g e o u s .  A n o th e r  
s u g g e s t i o n  would  be  t o  i n t e g r a t e  t h e  ab u ndance  o f  o rg a n i s m s  
w i t h  t h e  number o f  s p e c i e s  i n  d e t e r m i n i n g  t h e  p h y t o p l a n k t o n  
i n d e x .  Q u a n t i t a t i v e  m easurem ent  c o u ld  be  c a l c u l a t e d  as  
r e l a t i v e  abundance  o f  s p e c i e s  i n  t h e  p a r t i c u l a r  l a k e ,  o r  a s  
a b s o l u t e  numbers  o f  o r g a n i s m s .  T h u s ,  d i f f e r e n c e s  i n  s t a n d i n g  
c r o p  would  be  c o n s i d e r e d .  J a r n e f e l t  (1956)  has d e v e l o p e d  a 
q u o t i e n t  b a s e d  on a  q u a n t i t a t i v e  a p p r o a c h  and i t  worked w e l l  
i n  F i n n i s h  L a k e s .  However,  h i s  q u o t i e n t  c a n  n o t  be  used  
u n t i l  a  l a r g e  number o f  l a k e s  f rom a p a r t i c u l a r  a r e a  have 
b e e n  i n v e s t i g a t e d ,  and t h u s  i t  was n o t  a p p l i e d  i n  New 
H a m p s h i r e .
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SUMMARY
The r e l a t i o n s h i p s  be tw ee n  c o m p o s i t i o n ,  p e r i o d i c i t y ,  
and abundance  o f  p h y t o p l a n k t o n  s p e c i e s  and t h e  t r o p h i c  s t a t u s  
o f  two l a k e s  i n  New H am pshire  w ere  i n v e s t i g a t e d .  Newfound 
Lake i s  o l i g o t r o p h i c ,  w h i l e  Winnisquam Lake i s  e u t r o p h i c .  
D u r in g  t h e  s t u d y  t h e  f o l l o w i n g  c o n c l u s i o n s  w ere  r e a c h e d :
1) The d i f f e r e n c e s  i n  t h e  t o t a l  s t a n d i n g  c r o p  a t  t h e  
two l a k e s  w e re  c o r r e l a t e d  w i t h  t h e i r  d i f f e r e n c e s  i n  n u t r i e n t  
c o n c e n t r a t i o n s .  O r th o p h o s p h a t e  a p p e a r e d  t o  be  t h e  p r i m a r y  
l i m i t i n g  f a c t o r  o f  a l g a l  g ro w th  a t  Newfound L ak e ,  w h i l e  l i g h t ,  
t e m p e r a t u r e ,  and p o s s i b l y  e x t r a c e l l u l a r  p r o d u c t s  w e re  th e  
p r i m a r y  l i m i t i n g  f a c t o r s  a t  Winnisquam Lake .
2) A l a r g e  v e r n a l  maximum, t y p i c a l  f o r  t e m p e r a t e  
l a k e s ,  was r e c o r d e d  a t  W innisquam  L ake .  Newfound Lake has  no 
v e r n a l  p e a k  and t h e  maximum p h y t o p l a n k t o n  d e v e lo p m e n t  was 
d e l a y e d  u n t i l  e a r l y  summer. The d i f f e r i n g  maxima may be 
e x p l a i n e d  i n  t e rm s  o f  d i f f e r i n g  s p e c i e s  c o m p o s i t i o n  aTT th e  
two l a k e s .
3) The v e r t i c a l  d i s t r i b u t i o n  o f  t h e  s t a n d i n g  c ro p  
was a f u n c t i o n  o f  l i g h t  p e n e t r a t i o n  and t h e  t y p e s  o f  a l g a l  
p o p u l a t i o n s .  The maximum s t a n d i n g  c ro p  a t  W innisquam  Lake 
o c c u r r e d  h i g h e r  i n  t h e  w a t e r  co lum n t h a n  a t  Newfound Lake.
53
L i g h t  i n h i b i t i o n  o f  a l g a l  g ro w th  a p p e a r e d  t o  o c c u r  n e a r  t h e  
s u r f a c e  a t  Newfound L ake .
4) A d i s c u s s i o n  o f  t h e  f a c t o r s  i n f l u e n c i n g  th e  
p e r i o d i c i t y ,  a b u n d a n c e ,  and d i s t r i b u t i o n  o f  p h y t o p l a n k t o n  
s p c i e s  a t  t h e  two l a k e s  i s  p r e s e n t e d ,  and  t h e  r e s u l t s  a r e  
compared  w i t h  f i n d i n g s  o f  o t h e r  a u t h o r s .
5) The s p e c i e s  c o m p o s i t i o n  a p p e a r e d  t o  be  d e p e n d e n t  
upon t h e  t r o p h i c  l e v e l s  o f  t h e  l a k e s .  Dominant  s p e c i e s  w ere  
c o n s i d e r e d  t o  be t h e  b e s t  i n d i c a t o r s  o f  t r o p h i c  s t a t u s  and  a 
l i s t  o f  p o s s i b l e  i n d i c a t o r  o rg a n i s m s  i s  g i v e n .  A summary o f  
p o s s i b l e  r a r e  i n d i c a t o r s  i s  a l s o  i n c l u d e d .
6 ) The p h y t o p l a n k t o n  q u o t i e n t s  p r o p o s e d  by  Thunmark 
and N ygaard  were  a p p l i e d  t o  t h e  l a k e s .  Most o f  t h e  i n d i c e s  
c o r r e c t l y  d e s i g n a t e d  W innisquam Lake a s  e u t r o p h i c ,  b u t  
i n c o r r e c t l y  c h a r a c t e r i z e d  Newfound L ake .  T hu n m ark 's  
C h lo ro p h y c e a n  Q u o t i e n t  was t h e  o n ly  q u o t i e n t  t h a t  a d e q u a t e l y  
d e s c r i b e d  b o t h  l a k e s .  An e v a l u a t i o n  o f  th e  p h y t o p l a n k t o n  
q u o t i e n t s  i s  g i v e n .
7) I t  i s  s u g g e s t e d  t h a t  t h e  s p e c i e s  c o m p o s i t i o n ,  
a b u n d a n c e ,  and p e r i o d i c i t y  o f  p h y t o p l a n k t o n  s h o u l d  be  
c o n s i d e r e d  when d e t e r m i n i n g  i n d i c a t o r  o r g a n i s m s .  A few o t h e r  
s u g g e s t i o n s  a r e  g i v e n  f o r  im p ro v in g  p h y t o p l a n k t o n  q u o t i e n t s .
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Table 1
S e a so n a l O ccurrence o f  P h ytop lan k ton  -  Newfound Lake
CYANOPHYCEAE 
Anabaena f lo s - a q u a e  (L yn gb .) De B reb . 
A phanothece c la th r a ta  G .S . West 
C hroococcus l lm n e t lc u s  Lemm. 
flh roococcu s minimus C K e ls s l .)  Lemm. 
G lo eo th ece  l i n e a r i s  N a e g e ll  
GomphospEaerla aponlna  
v a r . d e i i c a t u la  V ir ie u x  
Gomphosphaeria l a c u s t r i s  Chodat 
Qompnospnaeria l a c u s t r i s  
v a r . com pacta Lemm.
M erism opedla p u n cta ta  Meyen 
M erlsm opedla tenu issT m a Lemm.
CHLOROPHYCEAE 
A nklstrodesm us f a l c a t u s
v a r . a c i c u l a r l s  (Braun) G .S . West 
B o tr y o co c cu s  b r a u n i1 K u etz in g  
f io tr y o c o c c u s  p ro tu b era n s  
v a r . m lnSr P.M. Sm ith  
C lo ste r lu m  parvulum  N a e g e ll  
C lo ster lu m  k u e t z in g i i  De B reb .
C oelastrum  roicroporum N a e g e ll  
Cosmarlum b lo cu la tu m  De B reb . 
Cosmarlum con traction
v a r . p a p llla tu m  W. & G .S . West 
Cosmarlum pu n ctu iatu m  De B reb . 
C ru c ig en la  r e c ta n g u la r is  (Braun) Gay 
ftesmlcllum s w a r t z l l  C .A . Agardh.
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D lctyosp h aer lu m  p u lch e llu m  Wood X
E la k a to th r lx  v l r l d i a  ( Snow) P r ln tz  X
Euastrum d id e l t a  (T urp. )  R a I f s .
Suastrum  p u lch e llu m  De B reb . X
f l lo e o c y s t l s  g lg a a  (K u e tz .)  Lagerhelm  X
O onatozygon monota e n lum De B ary  
O onatozygon p iioaum  w o lle  
Gymnozyga m o n ilifo r m is  E hr.
I& a io tn eca  d l s s i i i e n s  (S m ith ) De B reb . 
W ephrocytlum llm n etlcu m  (S m ith ) Sm ith  
cD ocystis b o r g e l  Snow X
g e d la stfu m  boryanum (T u rp .) M eneghlnl X
P ed lastru m  boryanum
v a r . lo n g lc o r n e  K a c lb o rsk l  
P ed lastru m  s im p le x
v a r . duodenarlum  ( B a i le y )  Rabenh. 
Q uad rlgu ia  c i o s t e r i o i d e s  (B o h lI n )P r ln tz  X
Scenedesraua s e r r a tu s  (U orda) B oh l in  X
S p h a e r o c y s t is  s c h r o e t e r l  Chodat 
Spondylosium  planum (W o lle ) W.& G .S.W est 
Stau rastru m  an lcyro id es W olle  
S tau rastru m  a r c t l s c o n ~ (E h r .) Lund. 
Stau rastru m  llm n etlcu m
v a r . com utum  d .h .  Sm ith  
Stau rastru m  pentacerum  ( W olle) Sm ith x
Staurodesm us b u ln h e lm li  (R a c ib .)B ro o k  
Staurodesm us c u sp ld a fu s  ( W est) T e l l in g  X
Staurodesm us e x te n s u s  (B o r g e )T e il in g  X
Staurodesm us in c u s
v a r . r a J T s l l  (W e s t )T e ll ln g
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1966
J J
Staurodesm us m a m illa tu s  (N o r d s t . ) T e l l .  X X
Staurodesm us m egacanthus (Lund.)Thunm. X X
Staurodesm us s i ib t r ia n g u ia r is  ( B o r g e ) T e il .  
S ty lo sp h a e r id iu m  s t lp i ta tu m  (Bachm .)
— ------   ' O eTt'ler & O lm esi X X X X
T etra ed ro n  llm n etlcu m  Borge  
XanthidTurn a n tllo p a eu m
v a r . polymazum N o r d s t . X
EUGLENOPHYCEAE 
C olaclum  a r b u scu la  S t e in  
C o la c lim  v e s lc u io su m  Ehrenberg
XANTHOPHYCEAE 
G lo e o b o tr y s  l lm n e t ic u s  (S m ith ) P asch er  
D phlocytium  ca p lta tu m  W olle
CHRYSOPHYCEAE 
C h r y so sp h a e r e lla  lo n g is p ln a  L a u terb o m  
D lc e r a s  p h a se o lu s  P o rt  
D inobryon bavaricum  Imhof 
D inobryon cren u latu m  W. & G .S . West 
D inobryon c y lin d r ic u m  Imhof 
D inobryon d lv e r g e n s  Imhof 
D inobryon s e r t u i a f l a  E hrenberg  
D inobryon sueclcu m  Lemm.
D inobryon v a n h o e fr e n li  ( K r le g .)  Bachm. 
J S p ip y x i if t a b e i ia r la e  (Lemm.) Sm ith  
E p lp y x ls  u t r lc u lu s  Ehrenberg
A s 0 N
1967
P M A M J J A s 0 N
X X X X X X X X X X X X X X
X X X X X X X X X X X X X X
X X X X X X X X X X X X
X X X X X X X X X X X X X X
X X X X X X X X X X X X X X
X X X X X X X
X X X X X
X X X X X X X X X X X X
X X X X X X
X X X X X X X X X X X X X X X X
X X X X X X X X X
X X X X X X X X X X X X X X X X
X X X X X X X X X X X X X X X X
X X X X X X X X X X X X X X X X
X X X X X X X X X X X X X X X X
X X X X X X X X X X X
X X X X
X X X X X X X O'
X
X
Table 1 - continued
M allomonas a c a r o ld e s  P e r ty  
Mallomonas fa stlg a ^ a  Zach.
M allomonas p ro d u cts  (Z a c h .) Iw an off  
M allomonas p se  ud ocoron ata  P r e s c o t t  
M allomonas to n su r a ta
v a r . a lp ln a  (P a sch . & R u ttn ) K r le g e r  
M allomonas sp .
Synura u v e l la  Ehrenberg  
t fr o g le n o p s ls  araerlcana (C a lk in s )  Lemm.
BACILLARIOPHYCEAE 
A s t e r io n e l la  form osa H ass.
A ster io n e lla  formosa
v a r . g r a c l l l im a  (H a n tz .)  Qrun. 
C y c lo t e l la  b od an ica  E u le n s t .
C y c lo b e lia  comia (E*) Kg.
C y c lo t e l la  g lom era ta  Bachm. 
i f r a g i ia r la  capuc 1 na vesm.
P r a g l la r ia  c r o to n e n s ls  K lt to n  
M elo sira  d I s ta n s  ( B . )  Kg.
M elo s ira  I s la n d le a  0 . M u ller  
R h lz o s o le n la  e r l e n s i s  H .L . Sm ith  
Synedra u ln a  ( N i t z . )  E hr.
T a p e lia r la  f e n e s t r a t a  (L yn gb .) K u etz . 
fr a b e ila r la  f l o c c u io s a  (R oth) K ueta .
DINOPHYCEAE 1
C eratium  h lr u n d ln e l la  (M u e ll.)D u ja r d in  
Q onyaulax p a l u s t r i s  Lemm.
GymnodlnTum f* u s cum (E hrenb. ) '  S t e in  
gyanodinTuro p a lu s t r e  S c h i l l i n g
1966 1967
J J A s 0 N p M A M J J A s 0 N
X X X X
X X X X X X X X X
X X X X X X X
X X X X X X X X X X X X X X X X
X X X X X X X X X X X X X X X X
X X X X
X X X X X X X X X X X X X X X X
X X X X X X X X X
X X X X X X X X X X X X X X X X
X X X X
X X X X X X X X X X X X X X X X
X X X X X X X X X X X X X X X X
X X X X X X X X X
X X X X X X X X X X X X
X X X X X X X X X X X X X X X X
X X X X X X X X X X X X X X X X
X X X X X X X X X X X X X X X X
X X X X X X X X X X X X X X X X
X X X X X X X X X X X X X X X X
X X X X X X X X X X X X X X X X
X X X X X X X X X X X X X X X X
X X X X X X X X X X X X
X X X X X




P erid in iu m  cin ctu m  ( M u e l l . )  Ehren. 
P erid in iu m  inconsp lcu um  Lemm. 
P erid in iu m  ilm batum  (S tok es) Lemm. 
P erid in iu m  w i i l e i  H u ltfe ld -K a a s  
P erid in iu m  w ia c o n sln en a e  Eddy
CRYPTOPHYCEAE 
Cryptomonas e r o sa  E hren.
Cryptomonas erosa
v a r . r eT lex a  rtarsson  
Cryptomonas m a r sso n ll  Skuja  
cryptom onas ovata  E hren.
Rhodomonas l a c u s t r i s  P asch er  & R u ttn er
- continued
1966 1967
J J A s 0 N p M A M J J A s 0 N
X X
X X X X X X
X X X X X X X X
X X X X X X X X X X X X X X X X
X X X X X X X X X X X X X X X X
X X X X X X X X
X X X X X X X X X X X X X X X X
X X X X
X X X X X X
X X X X X X X X X X X X X X X X




Summary of Major phytoplankton Components(1 x 105 c e l l s /1 )  
Newfound Lake
1966 
J J A S 0 N
1967
P M A M J J A S 0 N
Aphanothece clathrata .15 .07 1.65 2.32 .55 .05 m - - m - ■ .05 .08 .17 -
Gloeotheee linearis .30 .18 .41 .11 .26 .04 m m • m .04 .06 .05 ,06 .31 ,60
Gomphosphaeria lacustris .97 1.60 2.80 3.35 1.62 1.15 .40 .32 .37 .37 .49 1.55 3.27 2.32 1.35 1.95
Merlsmopedla tenulsslma - 1.13 .26 .70 .11 ,03 m - - • m .07 .05 .11 .28 .12
Botryococcus braunll .12 .14 .09 .08 .04 .21 .16 .20 .10 .08 .07 .25 .09 .04 .03 .01
Crucigenia rectangularis .02 .05 .05 .04 .03 .02 m - - .01 .03 .04 .01 .03 .05 .03
Gloeocystis glgas .14 .20 .09 .07 .01 * ■ - ■ m .05 .12 .03 .23 .02 •
Chrysosphaerella longlspina .06 1.15 2.56 .07 .01 .21 m - - m - .02 .11 .04 .01 .26
Dinobryon bavaricum .02 .47 .11 .07 .27 .25 .04 .01 .01 .04 1.47 1.24 .19 .01 .01 .01
Dinobryon cylindricum .10 .26 .02 .02 .15 .79 .04 .01 .01 .01 .23 .59 .19 .02 .06 .04
Dinobryon vanhoeffenll - .11 .09 .01 - * - - - - - .19 .32 .02 •
•
Synura uvella - - - m - ,06 .15 .08 .11 .12 .03 • .13 .04 .13
.02
Uroglenopsis amerlcana m - 7.12 1.00 .08 - - - • - m 1.15 .16 .03 •
Asterionella formosa .16 .95 .32 .03 .14 .11 .45 .33 .46 .29 .04 .03 .22 .72
.08 .01
Cyclotella bodanlca .19 .11 .12 .04 .02 ,06 .01 .01 .01 m - .03 .06 .09 .02
.02
Melosira .02 .05 .04 .04 .24 .20 .20 .11 .46 .39 .05 .05 .04 .03
.02 .08
Rhizosolenia erlensls .03 .58 .38 .06 .02 .01 .01 .01 .02 .04 .02 .53 .40 .06 .01
.01
Tabellaria fenestrata .01 .01 .11 .12 .07 .03 - m .01 .08 .02 .01 .03 .02 .20 .09
Cryptomonas ovata .02 .09 .23 .19 .14 .09 .07 .07 .04 .04 .02 .15 .09 .11
.06 .11
Rhodomonas lacustris .01 .02 .02 .08 .57 .91 .21 .10 .26 .16 .02 .02 .06 .19 .34
.89
Table 3
V e r t ic a l  D is t r ib u t io n  o f  P h ytop lan k ton  -  P ercen t o f T o ta l S ta n d in g  Crop
Newfound Lake
1966
J * J A S 0 N
1967
P M A M J J A S 0 N
1 m eter 19 15 14 19 11 13 11 11 17 13 48 21 6 13 17 11
3 m eters 26 19 25 20 12 17 15 23 27 16 25 21 8 12 22 19
5 m eters 27 34 28 22 16 17 32 31 12 23 16 25 15 19 20 27
10 m eters 18 26 27 20 25 18 32 22 14 17 7 22 38 34 19 22
15 m eters 9 5 4 9 23 20 10 13 15 16 3 10 21 21 21 13
20 m eters 1 1 2 10 13 15 - - 15 15 1 1 12 1 2 8
Ln
Table 4
Summary o f  R ep ro d u ctiv e  Spore P e r io d ic i t y
Organism
NEWFOUND LAKE 
Anabaena f lo s -a q u a e  
D lnobryon bavarlcum  
D lnobryon c y lln d r lc u m
R ep rod u ctive
Spore
a k ln e te
s ta to s p o r e
s ta to s p o r e
1966 1967
J J A S O N  F M A M J J A S O N
X X X X
X X




Anabaena f lo s -a q u a e  
Anabaena s c h e r e m e t le v l  
Aphanlzomenon f lo s - a q u a e  
Q lo e o tr lc h la  e c h ln u la ta  
D lnobryon c y lln d r lc u m  
M elo slra
a k ln e te
a k ln e te
a k ln e te
a k ln e te
s ta to s p o r e
auxospore
X X X X X 
X X
X X X








T ab le 5
Summary o f  P h ytop lan k ton  I n d ic e s  and Proposed T roph ic S ta tu s
Newfound Lake
C hlorophycean Index
Y ea r ly
.4 6
Summer
,24 -  .9 4
W inter T roph ic S ta tu s  
o l ig o t r o p h ic
Myxophycean Index .4 6 ,46 -  1 .0 0 e u tr o p h ic
Diatom  Index .8 5 ,85 -  1.20  1 .00 e u tr o p h ic
E uglenop hyta  Index .0 3 ,03 -  .0 5 o l ig o t r o p h ic
Compound Index 1.20 ,96 -  2 .5 5 me s  o -e u tr o p h ic
Table 6
S e a so n a l O ccurrence o f  P h ytop lan k ton
1966
J J A S
CYANOPHYCEAE
Anabaena f lo s - a q u a e  ( L y n g b . )  De B reb . X X X X
Anabaena sc h e r e r a e t ie v i  E le n k ln
A phanizonenon f lo s -a q u a e  (L *) R a lf s  X X X X
Q io e o tr lc h la  e c h ln u la ta ~ ~ (J .E . S m ith )R ic h . X X X
dom phosphaerla ap on in a~
varT d e l l c a t u l a  V lr le u x  X X X X
Qomphosphaerla l a c u s t r l s
v a r . com pacta Lemm. X
O s c l l l a t o r ia  g r a n u la ta  Gardner X X X X
O s c l l l a t o r la  1 linne t  l e a  Lemm.\ X X X X
S p lr u lin a  la x a  O.M. Sm ith  X X
T o ly p o th r lx  la n a ta  Wartmann X X
CHLOROPHYCEAE
A nklstrodesm us f a l c a t u s  (C orda) R a lf s  X X X
A nklstrodesm us f a l c a t u s
v a r . a c l c u l a r i s  (A . Braun) O .S . West X X
A nklstrodesm us f a l c a t u s
v a r . m lr a b t l l s  (W est & W est) O .S . West X X X X
B o tr y o co c cu s  b r a u n ii  K eu tz ln g  X X X X
B o tr y o co c cu s  p ro tu b era n s  
v a r . m inor P.M. Sm ith  
Characium curvatum  O.M. Sm ith X X X
Characlum g r a c l l l p e s  Lambert X X
Characium llm n eticu m  Lemm. X X X
dhlorangium  ste n to r in u m  (E h r e n .) S t e in  X X
6lo s te r lo p s ls ~ ~ I o n g isa im a  Lemm. X X X X
Wlnnlsquam Lake
1967
0 N P M A M J J A S 0 N
X X X X X X X
X X X X
X X X X X X X X X X X X
X X
X X X X X X X X X X X X
X X X X X X
X X X X X X
X X X X X X X X X X X X
X X X
X X X X
X X X X
X X X
X X X X X X X X X X X X
X X X X X X X X X X X X





X X X X X X X X X X X X
Table 6 - continued
1966 1967
Cl08terium acerosum  (Shrank) E hren.
C lo ster lu m  d la n a e  Ehren. 
d io s te r iu m  K u e tz ln g li  De B reb . 
d lo a te r lu m  m o n lllferu m  (B ory) E hren .
Ciosterium  parvulum N aegell 
Coelastrum microporum N aegell 
Cosm anumcontractual
V ar. p a p illa tu rn  W.& O .S . West 
Cosmarlum p u nctu latum  De B reb . 
cruclgeriT a r e c ta n g u la r ls  (Braun) Gay 
f l e s m ia i i f iT b a f le y i (H a ifa )  N o r d st.
Desmldium s w a r t z l i  C. A. Agardh.
Dictyosphaerlum  ehrenberglanum N aegell 
Dictyosphaerlum  pulchellum  Wood 
Dimorphococcus lunatus A. Braun 
E la k a to th rix  g e ia tm o sa  W llle  
E lak ato th rlx  v ir id i s  (Snow) P rln tz  
Eudorlna e leg a n s Ehren.
G lo e o c y s t ls  ampla (K u e tz .)  Lagerheim  
G lo e o c y s t ls  g lg a s  (K u e tz .)  Lagerheim  
G lo e o c y s t is  v e s ic u lo s a  N a e g e ll  
G onatozygon acu leatu m  H a stin g s  
O onatozygon m onotaenlum De Bary  
H yalo th eca  d l s s l l l e n s  CSmlth) De B reb . 
i t ir c h n e r ie l la  c o n to r ta  (S c h m ld le ) B o h l.
K ir c h n e r le l la  lu n a r ls  ( K ir c h .) M oeblus 
K lr c h n e r le l la  lu n a r ls  
v a r . d ia n a e  B o m .
K lr c h n e r le l la o b e s a
 varT ~a p ert a ' (Te'l l . ) B r u n n th a le r  X X X X X X  X X  X X X X X X  S
J J A s 0 N p M A M J J A s 0 N
X X
X
X X X X X X X X
X
X X
X X X X X X X X X X X X
X X X X X X X X X X X X
X X X X X X X
X X X X X
X X X X
X X
X X X X X
X X X X X X X X X X X X X X X
X X X X X
X X X X X X X X X X
X X X X X X X X X X X X
X X X X X X X X X X X X X X X X
X X X X X
X X X X X X X X X X X X
X X X X X X X X X
X X
X
X X X X
X
X X X X X X X X X X
X X
X X X X X X X X X
Table 6
M ic r a s te r ia s  r a d la ta  H ass. 
r t lc r a s t e r ia s  r a d lo sa  (Lvngbye) Agardh 
n o u g e o tia  sp p . ( s t e r l l e )
N epnrocytium  ecd yslscep an u m  W. West 
N ephrocytlum  lim n eticu m  (S m ith ) Sm ith  
Nfephrocytiura lunatum  W. West 
Oedogonlum sp p . ( s t e r i l e )
6 o c y s t l s  b o r g e i  Snow 
O o c y s t is  e l l l p t i c a  W. West 
O o c y s t is  l a c u s t r f s  Chodat 
6 o c y s t l s  parva West & West 
P ed iastrum  araneosum  (R a c lb .)  Sm ith  
P ed lastrum  boryanum (T u r p .) M eneghini 
P ed lastrum  d u p lex  Heyen 
P ed lastrum  d u p lex
v a r . c la th ra tu m  (Braun) Lagerheim  
P ed lastrum  dupleaT*
f .  graclllm u m  West & West 
P ed lastru m  t e t r a s  (E h ren b .) R a lf s  
P ed lastru m  t e t r a s
v a r . te tr a o d o n  (C orda) R abenhorst 
P leu rotaen lu m  tr a b e c u la  (E h ren b .)  Naeg. 
Q uadrigu ia  c i o s t e r i o i d e s  (B o h lln )P r ln tz  
Q uadrlgu ia  l a c u s t r i s  (cjnodat) Sm ith  
Scenedesm us abundans (K ir c h .)  Chodat 
Scenedesm us a c u t i fo r m ls  S ch roed er  
Scenedesm us a r c u a tu s  
v a r . p la 'ty d isc a  3m lth  
Scenedesm us b iju g a  (T urp. Lagerheim  
Scenedesm us b r a s l i i e n s i s  B o h lin
J
-  c o n tin u ed  
1966
J  J A S 0 N
X
X X
X X X X X X  
X X X  
X X X X X





X X X X X X
X X X X X X
X X X X X X
X X X X X
X X X
X X
X X X X X X  
X X X  
X X
X X X X X X  
X X 
X X X X X
1967
P M A M J  J A S O N
X X X X X
X X X X X X  
X X X  
X X X X X 

























































Table 6 - continued
Scenedesm us dlm orphus (T u rp .)  K u etz . 
Scenedesm us o p o lle n sT s  R ic h te r  
Scenedesm us qu adrlcauda (T u r p .)  De B reb . 
Scenedesm us quadrlcauda  
v a r . p arvu s Sm ith  
Scenedesm us quadrlcauda  
v a r . w e s t i i  Sm ith  
S c h r o e d e r ia  Judayl Sm ith  
sc h r o e d e r ia  se ^ Ig e r a  (S c h r o e d .)  Lemm. 
Sorastrum  sp in u losu m  N a e g e ll  
S p h a e r o c y s t ls  s c h r o e t e r l  Chodat 
sp lr o g y r a  sp p . ( s t e r i l e )
Spondyloslum  planum (W olle)W .& G .S.W est 
S tau rastru m  anatlnum
v a r . io r ig lb ra ch ia tu m  W.& G .S . West 
Stau rastru m  a r c t l s c o n  (jBhren.) Lund 
Stau rastru m  cingulum  (W.& G .S .W est)S m lth  
Stau rastru m  J o h n so n l!  W.& G .S . West 
Stau rastru m  lim n eticu m  
v a r . cornutum  sm ith  
S tau rastru m  m a n T e ld t ll  D e lp .
S tau rastru m  p llo su m  A rcher  
Stau rastru m  p ln g u e  T e l l in g  
S tau rastru m  p seu d op elag lcu m  W.& G .S .W est  
S tau rastru m  v e s t itu m  R a lf s  
stau rod esm u s d l c k l e l  ( R a l f s )  L l l l i e r .  
Staurodesm us e x te n s u s  (B orge) T e l l in g  
stau rod esm u s in c u s
v a r . r a r T s l l  (W est) T e l l in g  
Staurodesm us m a m llla tu s  (N o r d s t .)  T e l l .
1966 1967
J J A s 0 N p M A M J J A s 0 N
X X X X X X X X X X X X
X X
X X X X X X X X X X X X X X X
X X X
X X X X X
X X X X X X X X X X X
X X X X X X X X X X X X X X X
X X X X
X X X X X X X X X X X
X X X X X X X X X X X X
X X X X X X X X X X
X X X X X X X X X X X X X
X
X X X X X X X X
X X X X X X X X X X X X X X
X X X X X X
X X X X
X X X X X X X
X X X X X X X X X X X X X X X X
X X X X X X X X X X
X X X
X X
X X X X X
X X X X X X X
X X X X X X X X X
Table 6 - continued
Staurodesm us m egacanthus (L u n d .) Thunm. 
Staurodesm us s u b tr ia n g u la r is ( B o r g e )T e l l  
D lo t h r lx  s u b c o n s tr lc ta  G .S . West 
U lo th r ix  ten err lm a  K u etz . 
t f lo t h r lx  varl'ab'lIT s K u etz .
XanthldTum a n tllo p a eu m  (De B reb) K u etz .
EUGLENOPHYCEAE 
C olacium  a r b u scu la  S t e in  
C olacium  v e s lc u lo su m  E hren. 
E u g ien a ~ sp lro g y ra  E hren.
XANTHOPHYCEAE 
G lo eo b o try s  l lr n n e t lc u s  (S m ith ) P asch er  
S t lp l t o c o c c u s  ca p en se  P r e s c o t t
CHRYSOPHYCEAE 
C h rysococcu s s p .
C hrysosphaerella lo n g lsp ln a  L a u terb o m  
Dlnobryon bavarlcum Irahoi'
Dlnobryon c y l lndrlcum Imhof 
DlnobryonD d iv e r t  pens Imhof 
D lnobryon s e r t u la r ia  E hren .
E pipyxls ta b e lla r la e  (Lemm.) Sm ith  
Maliomonas e ieg a n s Lemm. 
waiiomonas f a s t lg a ta  Z ach.
Maliomonas products (Z a c h .) Iw an off  
Synura adam sil Smith 
Synura u v e lia  E hren.
D r o g le n o p a l3 am erlcana (C a lk in s )  Lemm.
1966 1967
J J A s 0 N p M A M J J A s 0 N
X X X X X X X X X X X X
X X X X X X X X X X X X X X
X X X X X X X X X X X
X X X X X X X X X X X X
X X X X X
X X X X X X
X X X X X
X X X X X X X X X X X
X
X X X X
X X X X X
X X X
X X X X X X
X X X X X X X X X X X X X X X X
X X X X X X X X X X X X X X X X
X X X X X X X X X X X X
X X X X X X X X X X X X X X
X X X
X X X
X X X X X X X X X
X X X X X X X X X X
X X X X X X X X X X X X X
X X X X X X X X X X X X X X
X X X X hO
Table 6
BACILLARIOPHYCEAE 
A s t e r lo n e l la  form oaa H ass.
A ster lo n e lla  Formosa
v a r . g r a c l i l lm a  Q la n tz .) Qrun. 
C y c lo t e l la  com taT B . )  Kg. 
f ly c lo te lT ir  s t e l i l g e r a  C leve  St Orun. 
Cynbel la T v en t r l c  osa  
P r a g l la r la  cap u cin a  Desra.
P r a g l ia r ia  c r o to n e n s ls  K ltto n  
p ie io s ir a  a l s t a n s  (E.'J Kg.
M elo s ira  i t a i i c a  (E .)  Kg.
M erld lon  c lr c u la r e
v a r . c o n s tr ic t io n  ( R a lf s )  V.H. 
R h iz o s o le n ia  e r l e n s i s  H .L . Sm ith  
syn ed ra  u ln a  ( N l t z . )  E hr. 
f a b e l la r la  f e n e s t r a t a  (L yn gb .) K u etz . 
T a b e lia r fa  f lo c c u lo s a  (R oth) K u etz .
DINOPHYCEAE 
C eratlum  h lr u n d ln e lla  (M u e ll .)  D u jard ln  
O lenodlnlum  a c lc u l l f e r u m  (Lemm.) Llndem. 
flymnodinlum s p .
P e r id ln lu m c ln c tu m  (M u e ll. )  Ehren. 
P erid ln lu m  limbatum (S to k e s )  Lemm.
i
CRYPTOPHYCEAE 
Cryptomonas m a r s so n ll  Skuja  
Cryptomonas ova ta  Ehren.
Rhodomonas l a c u s t r l s  P asch er  & R u ttn er
- continued
1966 1967
J J A S 0 N p M A M J J A s 0 N
X X X X X X X X X X X X X X X X
X X X
X X X X X X X X X X X X X X X X
X X X X X
X X
X X X X
X X X X X X X X X X X X X X X X
X X X X X X X X X X X X X X X X
X X X X X X X X X X X X X X X X
X X
X X X X X X
X X X X X X X X X X X X X X X X
X X X X X X X X X X X X X X X X
X X X
X X X X X X X X X X X X X
X X X X
X X X X
X X X X X X X X X X X X X
X X X X X X X X X X X X X X X X
X X X X X X X X X
X X X X X X X X X X X X X X X X




Summary of Major Phytoplankton Components(l x 10^ c e l l s / l )  
Vlnnisquam Lake
1966 
J  J A S 0 N
1967
P M A M J J A S 0 N
Anabaena flos-aquae .03 1,92 5.33 .10 .01 - m m m • .02 7,41 .16 .01 m -
Aphanlzoienon flos-aquae m • ,02 .58 5.03 ,70 .17 .10 3,10 4.08 9.88 18,20 28.50 « ** 49.10
O sclllatoria limnetica m * - - « ,01 .46 2.19 25,30 20,04 19.30 1.69 3.13 1.19 22.70 59.00
Anklstrodesmus falcatus 
var. miraM lis .68 ,02 .01 .01 ,01 m .18 .22 15.17 12.09 1.01 ,21 .14 .03 .01 .01
Dlctyosphaerlum pulchellum ,42 ,13 ,49 2,30 ,31 .02 m m .87 1.02 1,46 8,75 1.52 .22 .75
Eudorlna elegans ,13 ,52 .60 .29 .68 .22 - .03 .05 .09 ,15 ,12 .07 .01 -
Oloeocystls vesiculosa 3.77 12,50 1.32 .53 1,58 J 8 m m • - .18 2.01 3.06 1.25 .18 .13
Schroederla judayl ,03 ,03 .10 .46 ,31 .28 m - .01 .12 .11 .05 ,01 .01 - m
Staurastrum pingue .02 ,09 .12 .04 ,43 .76 m m m - .05 .03 .02 .02 .01 m
Dlnobryon cyllndrlcum .25 ,38 .05 .02 .02 .03 m - .12 ,12 .18 .02 .02 - m m
Synura uvella■Immh* mmrnmmmmm .71 ,66 .09 .02 1.02 ,04 ■ m m - .02 ,19 1.08 .14 - m
Asterlonella formosa ,06 ,07 .21 .20 ,38 1.72 .44 .24 3.50 .72 .76 .05 .04 .02 .01 .04
Fragilaria crotonensls .01 .01 .11 .15 ,76 2.74 .06 .05 ,37 .29 .13 3.50 1,47 .06 .01 .08
Melosira .05 .05 .16 .61 .92 .98 3.24 2.10 10.05 8,90 .21 ,05 .05 .03 .02 .17
Synedra ulna .01 .02 .01 .01 ,02 .09 .15 .12 ,33 1,85 1.54 .47 ,04 ,01 .01 .02
Tabellaria fenestrata .01 ,01 .27 1.18 .64 .31 ,01 .01 .10 .40 .80 .12 ,11 .08 .08 ,30
Cryptomonas ovata .39 .32 .35 .38 ,97 .41 .08 .02 .08 .89 .42 .47 .13 ,12 .05 .28
Rhodomonas lacustrls 1,17 ,42 .54 .47 .77 .32 .04 .03 4.81 6,28 6.54 .43 .08 .04 .01 .02
* 1,37 x 10§ ce lls /1  
M 1,05 x 103 ce lls /1
Table 8
V e r t ic a l  D is t r ib u t io n  o f  P h ytop lan k ton  -  P ercen t o f  T o ta l S ta n d in g  Crop
Winnisquam Lake
1966
J ' J A S 0 N
1967
P M A M J J A S 0 N
1 m eter 26 27 47 26 25 16 5 20 21 23 39 45 28 31 28 33
3 m eters 24 32 23 21 20 18 11 16 19 20 26 37 33 30 28 26
5 m eters 23 28 18 18 21 15 37 17 18 19 19 12 19 32 23 18
10 m eters 15 10 7 17 21 23 20 16 16 16 9 4 15 6 19 15
15 m eters 8 2 3 9 7 15 18 16 15 11 5 1 4 1 1 2
20 m eters 4 1 2 9 6 12 9 15 11 11 2 1 1 1 1 1
Ln
T able 9
Summary o f  P h ytop lan k ton  I n d ic e s  and Proposed T roph ic S ta tu s
Winnisquam Lake
Y ea r ly Summer W inter T roph ic S ta tu s
C hlorophycean Index 1 .4 2 1 .2 4  -  2 .1 3 e u tr o p h ic
Myxophycean Index ,33 ,27  -  .5 0 o lig o -m e s o tr o p h ic
Diatom  Index ,55 ,44 -  1 .0 0  .8 0  -  1 .0 0 e u tr o p h ic
E u glenop hyta  Index .0 3 .0 3  -  .0 4 o l ig o t r o p h ic
Compound Index 2.00 1 . 6 0  -  2 .90 m eso -eu tro p h ic
ME.
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CYANOP HYCEAE
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